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ENGLISH TO METRIC
LENGTH (rercximare)

1inch(in) = 2.5 centimeters (¢m)
1foot(ft) = 30 centimeters{cm)
1yard(yd) = 0.9 meter(m)

1 mile (mi) = 1.6 kilometers (km)

AREA (arprcxiMATE)
1squareinch(sqin,in?) = 6.5 square centimeters (cm?)
1square foot(sq ft, {12} = 0.09 square meter (m?)

1square yard (sq yd, yd?) = 0.8 square meter{m?)
1 square mile (sq mi, mi?) = 2.6 square kilometers (km?)
1 acre = 0.4 hectares (he) = 4,000 square meters (m3)

MASS - WEIGHT (asproximate)
1 ounce {oz) = 28 grams{gr)
1 pound (Ib) = .45 kilogram (kg)
1 shortton = 2,000 pounds {Ib) = 0.9 tonne (t)

VOLU. E (2rrroximaTE)

1 teaspoon (tsp) =

1 tablespoon (tbsp) =

1 fluid ounce (fl 02) =
Teup(c) =

1pint(pt) =

1quart(qt) =

1 gallon(gal) =

1 cubic foot (cu ft, f13) =

1 cubicyard {cuyd, yd?) =

S milliliters (m!)

15 milliliters (ml)

30 miliiliters {ml)
0.24 fiter (1)

0.247 liter (!)

0.86 liter (1)
3.8liters(l)

0.03 cubi¢c meter (m3)
0.76 cubic meter (m3)

TEMPERATURE (zxach
((x-32}(59)]F = y*C

METRIC/ENGLISH CONVERSION FACTORS

METRIC TO ENGLISH

LENGTH (aprrCXMATE)

1 millimeter {(mm) = 0.04 inch (in)
1 centimeter {cm) = 0.4 inch{in)
1 meter(m) = 3.3 feet (ft)

1 meter(m) = 1.1 yards (yc)

1 kilometer (km) = 0.6 mile {mi)

AREA (xPrRCXIMATE)
1 square centimeter (cm?) = 0.16 squareinch (sqin,inf)
1square meter (m®) = 1.2 square yards (sq yd, yd?)
1square kilometer (km?) = 0.4 square mile (sq mi, mi?)
1 hectare (he) = 10,000 square meters (mi)= 2.5 acres

MASS - WEIGHT «rrroxivat)
1gram{(gr) = 0.036 ounce (cz)
1 kilogram (kg) = 2.2 pounds (ib)
1 tonne {t) = 1,000 kilogrems (kg) = 1.1 short tons

VOLUME (srercximate)
1 milliliter (ml) = 0.03 fluid ounce (fl 02)
1liter (1) = 2.1 pints (pt)
1 liter (1) = 1.06 quarts(gs)
1liter (I} = 0.26 gellon (gel)
1 cubicmeter {m3) = 36 cubicfeet {cu ft, R3)
1 cubicmeter {m?) = 1.3 cubicyards{cuyd, yd®)

TEMPERATURE (ex:cn
[(9/5)y +32]°C = x°F

QUICK INCH-CENTIMETER LENGTH CONVERSION

INCHES o] 1 2 3 4 5 6 7 8 9 10
p— 1 ' : ! ! ' 1 ! ! !
CENTIMETERS 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 98 19 20 21 22 23 24 25
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OVERVIEW

The Candidate VTS Design described in this appendix is one of 23
developed for all the study zones included in the study. This
appendix documents the task performed, under Contract DTRS-57-88-C-
00088 Technical Task Directive 13, as an integral part of the total
Port Needs Study. The ultimate product of this task effort is an
informed preliminary technical assessment of the approximate cost
to the Federal Government to implement and operate a state-of-the-
art VTS system. This appendix does not contain a comprehensive
definition of the VTS operating requirements nor does it propose a
final VTS specification suitable for implementation.

In order to consistently estimate the life cycle costs of a VTS
system in each of the study zones, a "Candidate VTS Design" has
been defined for each study zone using a uniform set of design
criteria. Each study zone Candidate VTS Design is a composite of
generic modules selected from a master list of 18 state-of-the-art
surveillance modules, communications and display technology. Among
the surveillance modules in the master list are several levels of
technical performance from which the selection is made for
application to each study sub-zone to address the 1local
navigational surveillance needs and conditions. The Candidate VTS
Design in each study zone represents a consistent application of
the surveillance modules at the sub-zone level. The sub-zone
surveillance technology is subsequently integrated into a total
system for the study zone via state-of-the-art communications and
display consoles at the Vessel Traffic Center (VTC) in each zone.

The application of the surveillance modules in each sub-zone
responds to the technical requirements of that sub-zone as
perceived by the study team. The Candidate VTS Design represents
a preliminary engineering judgement on the appropriate level of
technology in each sub-zone. The Candidate VTS Design may be
considered as an informed judgement made by the contractor study
team for the sole purpose of developing cost estimates that are
consistent across the 23 study zones and suitable for benefit/cost
comparisons among the study zones and initial budget planning and
implementation priorities. The approach used to calculate VTS
system costs for all 23 study zones is found in Volume III,
Technical Supplement.
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LONG ISLAND SQUND VTS DESIGN
1.0 B8COPE

This report includes a survey and a VTS design for the Long Island
Sound. This survey 1is based on a review of all pertinent
literature including navigational charts. The methodology used to
produce the VTS design entails coupling the problems identified in
the survey with solutions offered by state-of-the-art technology as

identified 1in the VTS Technology Survey, November 1990. When
possible, technological advances which permit manpower reductions
are applied. Not all VTS problems are amenable to strictly

technological solutions; some require changes in procedures and/or
enforcement. These situations are identified where they occur.

2.0 LONG ISLAND SOUND SURVEY
2.1 TINTRODUCTION

This survey report is based exclusively upon review of available
literature and examination of the charts for the area and its
approaches. The information thus gained has been evaluated and
interpreted based upon the Survey Team's experience as professional
mariners and in vessel traffic management systems.

The Survey Area includes Long Island Sound from Execution Rocks to
the Race. Ports opening to Long Island Sound are not included.

Long Island Sound supports several and varied marine traffic flows.
There is the relatively infrequent deep-draft ships using the Sound
for transit between New York and New England ports. A small volume
of smaller tankers, bulkers and general cargo ships call at ports
opening upon the Sound and there is barge traffic. The barge
traffic flow is through the Sound between New York and New England
and intra-Sound. The area 1is heavily used, in season, by
recreational boaters, with the heaviest concentrations 1in the
western portions of the surveyed area. A small volume of U. S.
Navy ships, primarily submarines, transit the area between New
London and the Race.

2.2 OVERVIEW OX THE PORT

Long Island Sound is a deep navigable waterway lying between the
shores of Connecticut and New York and the northern coast of Long
Island. The waters are well marked by aids to navigation, both
fixed aids and buoys, and the shoreline provides excellent radar
returns. Winter icing may cause removal of some buoys to prevent
damage and buoys may be displaced from station by ice movement.
Icing, however, generally affects cnly the buoys in the still
waters of harbors.

LN-1




Climate within the Survey Area 1is typically coastal southern New
England. The north and south shores are equally subject to fog,
except that on spring and summer mornings when there is little
wind, fog may occur along the Connecticut shore while it is clear
offshore. The eastern end of the Sound is more prone to prolonged
periods of fog than the west. On average, the area experiences
about 30 days per year during which the visibility is below 0.25
mile.

The diurnal tidal range is 2.5 feet in the eastern end of the Sound
and 7.3 feet 1in the western end. Tidal currents can be
particularly strong at either end of the Sound. For example,
currents through the Race frequently exceed six knots at maximum
ebb. The information contained by the tidal current charts is
accurate, however, and tidal effects upon shipping are generally
very predictable.

The Race is the main entrance to Long Island Sound from the east.
Although well marked, the Race is subject to strong currents and
tide rips. The tide rips are particularly strong during heavy
weather when the wind opposes the tide. Underpowered vessels
should use good judgement in selecting times of transits.

Execution Rocks, which marks the western entrance to the Study
Area, offers a narrower passage than the Race but lacks the same
degree of tidal turbulence.

Pilotage is compulsory for all foreign-flag ships and U. S.-flag
ships under register in the foreign trade. Pilots board ships
westbound for Long Island Sound transits and ports in the vicinity
of Brenton Reef Light (Off Narragansett Bay), about eight miles
eastward of Montauk Point or in the vicinity of Point Judith
Lighted Whistle Buoy 2. Ships entering Long Island Sound from the
west take their pilots near Execution Rocks.

Pilots for Long Island Sound are available from the Constitution
State Pilots Association (Hartford, CT), Northeast Pilots, Inc.
(Newport, RI), Interport Pilots Agency (Atlantic Highlands, NJ),
Sandy Hook Pilots (Staten Island, NY), Long Island State Pilots
Association (Seaford, DE), and Associated Coast Pilots (Parsippany,
NJ) .

Pilot boats monitor VHF-FM channels 11, 16, and 18A for at least
one hour before expected ship arrivals and use CH1l and CH18A as
working frequencies.

Long Island Sound is well-marked by aids to navigation, both buoys

and fixed aids, and radar navigation 1is facilitated by the
excellent returns from the highly relicved shorelines.

LN=-2




2.3 EXISTING TRAFFIC MANAGEMENT
2.3.1 Anchorages

There are a significant number of general and special anchorages
within the waters of Long Island Sound, primarily adjacent to the
many small harbors. The Coast Pilot (Reference 1) should be
consulted for details.

2.4 VEBSBEL TRAFFIC

Traffic statistics available for Long Island Sound are fragmented
at best, and heavy dependence was placed upon the Transportation
Systems Center's Trip Report. Review of the Trip Report suggest
pilot distortion of traffic management problems, particularly with
respect to the degree of congestion.

The Trip Report data indicates 450u tank ship/tank barge movements
per year through the Sound. Five hundred tank ships call at Sound
ports, primarily New Haven, Bridgeport, Port Jefferson and New
London. Other commercial traffic is 1light. USN traffic is
essentially between New London and the sea and probably averages 5
moves per week.

Principal traffic through the Sound in recent years has been
coastal tankers which are small enocugh to enter the smaller harbors
and rivers (the Connecticut and Housatonic), and barges. Barge
traffic tends to be two types, intra-Sound and trans-Sound, with
the trans-Sound traffic bound between New York and ports east and
north of Long Island Sound.

Recreational traffic is heavy but seasonal, from late May to
September. Scheduled races and regattas give rise to heavy
concentrations for short periods, and tend to be more of a problem
in the Western Sound than to the east.

There tends to be little commercial cross-Sound traffic except for
the ferry between New London and Orient Point, and the summer ferry

between New Haven and Port Jefferson. Traffic flow is otherwise
east and west. Deep-draft traffic tends to keep to the center axis
of the Sound, as do the trans-Sound shoal-draft vessels. The

intra-Sound traffic tends to skirt the north shore, clear of the
deep-draft lanes. Deep-draft ships serving ports on Long Island
Sound are generally 1limited to New Haven, Bridgeport, Port
Jefferson and New London.

2.5 ENVIRONMENTAL BSBENSITIVITY

Non-marine pollution has 1largely destroyed the once-important
fisheries but some menhaden, lobsters, scallops and shellfish are
still taken in the eastern portion. Although the shoreline is
environmentally sensitive, and the southern shore forms the habitat
for aquatic birds, the greatest impact of a marine pollution

LN-3




incident will be upon the gquality of 1life for the area's many
residents.

"Worse case" pollution incidents probably involve major tank
rupture as the result of a navigational error or <collision
involving a tank ship or barge.

2.6 PORT BUB-ZONES

The Study Area was examined to determine appropriate sub-zones,

using the methodology based upon the "confined-complex", "open-
complex", "confined-simple" and "open-simple" system employed by
the Canadian VTS Study in 1984 (Reference 2). Briefly stated,
"open" and "confined" address the influence of geography upon a
ship's ability to maneuver; and '"simple" vs ‘'complex" |is
descriptive of the nature of the interactions between ships within
those geographic areas. This basic matrix was overlaid by a

subjective assessment of appropriate traffic management/risk
amelioration measures in order to derive sub-zones within which VTS
needs are homogeneous, or nearly so.

2.6.1 Sub-Zone I -- Eastern Approaches (NOAA Chart 13205)

The sub-zone consists of that portion of Block Island Sound and
Gardiners Bay east of 72°-00'W, and south of a line drawn at 41°%
10'N between Plum Island Gut and 72°-00'W.

The sub-zone functions essentially as a data catchment area for
shipping entering the Long Island Sound VTS Zone from the east. The
principal function of the VTS within the sub-zone is thus to
establish communications with inbound traffic and obtain informa-
tion about characteristics, intentions and movements.

The sub-zone is "open-simple."
2.6.2 8ub-Zone II ~- Western Approaches (NOAA Chart 12363)

The sub-zone consists of that portion of Long Island Sound and the
East River lying to the west of 73%°-44.2'W.

The sub-zone functions essentially as a data catchment area for
shipping entering the Long Island Sound VIS Zone from the west. The
principal function of the VTS within the sub-zone 1s thus to
receive hand-offs from VIS New York, establish ccmmunications with
inbound traffic and obtain information about characteristics,
intentions and movements. Information about traffi.- cntcring the
New York VTS zone from Long Island Sound is an important input to
that system.

The sub-zone is "confined-complex."
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2.6.3 8ub-Zone III =-- Long Island Sound (NOAA Charts 12363 &
12354)

The sub-zone consists of all of Long Island Sound between the
boundaries of Sub-~Zone I (that portion of Block Island Sound and
Gardiners Bay east of 72°-00'W, and south of a line drawn at 41%
10'N between Plum Island Gut and 72°—OO'W) and Sub-Zone II (that
portion of Long Island Sound and the East River lying to the west
of 73%-44.2'W). Harbors and rivers tributary to Long Island Sound
are excluded from the sub-zone by lines their entrances.

The sub-zone consists of a body of water akin to the Santa Barbara
Channel, but with an absence of offshore oil activity.

Movement management advice will contribute to safety, especially in
the vicinity of the Race, Execution Rocks and the area of Stratford
Shoal Middle Ground. Vessels entering the VTS area from rivers and
ports along the Sound should be required to report to the VTC by
radio 30 minutes prior to entry.

The sub-zone is "confined-simple."
2.7 PROBLEM AREA IDENTIFIERS
2.7.1 PAI III-1. The Race

The Race, while relatively open, is a poor point for an adverse
meeting or crossing to occur because of the strong currents. At
maximum ebb, for example, velocities cab exceed six knots.
Movement management advice is appropriate.

2.7.2 PAI III-2. Execution Rocks

The broad expanse of the Sound necks down at Execution Rocks and
from there to New York's East River is a confining channel. The
vicinity of Execution Rocks can be crowded with recreational boats
during summer holidays and weekends. Advice about scheduled
regattas and traffic movement is appropriate.

3.0 LONG ISLAND SOUND VTS DESIGN
3.1 INTRODUCTION

A detailed survey of the Long Island Sound is the basis for this
design. An approach to costing VTS systems is outlined in Vol.
III, Technical Supplement and a method of categorizing surveillance
sensors into "modules" has also been developed. These modules are
defined in terms of cost and performance and are to be applied to
all VTS designs in this study. The applicability of Automatic
Dependent Surveillance (ADS) technology is also discussed in this
report. The three sub-zones defined in the harbor survey remain
the same.
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Traffic management requirements for each sub-zone are developed
from PAI analysis. Table 3-1 lists in tabular form a summation of
the problems identified and the management required by sub-zone.

The hardware and software selected for this design provide the
level of surveillance justified by the problems identified in each
sub-zone. A secondary consideration is to locate all VTS assets so
that they are sufficient for the sub-zone in question and can
contribute to adjoining sub-zones to achieve maximum usage. All
specific equipments are then selected based on perceived
surveillance requirements and overall VTS system architecture.

3.1.1 VTS Design Approach

The choice of surveillance sensors is dependent on the VTS mission.
For the purposes of this design, the VTS micsion is defined as that
which insures the safety of navigation and the protection of the
environment. In order to accomplish this mission, mandatory
participation of all vessels over 20 meters is essential. The
Vessel Traffic Center (VTC) must provide navigation safety advice
to all vessels. The VTS in the United States will have no
facilitation of commerce role nor will it offer piloting assistance
of any kind.

The primary criteria for selection of adequate surveillance sensors
are:

o Percentage of vessels of the desired minimum size
detected in designated surveillance areas

o Percentage of lost tracks

o Accuracy of the position and track obtained

o Reliability of the surveillance system

o Timeliness of the data obtained

o Ability to interpret and use the data obtained
Secondary criteria are:

o Cost of the VTS system -~ reduction of manpower by the use
of technology

o Expandability -- increased VTS responsibility, area,
and/or support of other missions
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TABLE 3-1.

ADDITIONAL COST REQUIRED FOR ADDING SURVEILLANCE

EQUIPMENT
PATI | LOCATION PROBLEM MANAGEMENT
I Eastern Data catchment Have knowledge of
Approaches area for inbound vessel movements,
shipping. locations through
reporting. Enter
inbound shipping
information into
database.
11 Western Same As Above. Same As Above.
Approaches
III | Long Island Sound | Potential Have knowledge of
congestion and vessel movements,
difficult lncations through
meetings. reporting. Provide

movement management
advice.
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Active surveillance sensors including radar, communications, and
closed circuit television (CCTV) installations are used when
detection and tracking of vessels is paramount to providing safety
advice. These devices are considered fail safe in that i* 1s known
with certainty when they have failed. The performance
characteristics of these sensors are known from operational VTS
worldwide experience. In this design they are selected to assure
that the necessary operational criteria identified for each sub-
zone is realized.

Many dependent surveillance techniques are possible. These range
from voice radio reporting of required VTS data to automatic
position and identification recording devices that can be
interrogated from shore known as Automatic Dependent Surveillance
(ADS) devices. The position and/or movement reporting form of
dependent surveillance is used extensively in existing VTS systems.
The major regions of current use are those which do not require
active surveillance. To apply ADS technology to a specific sub-zone
within a VTS zone the following additional criteria must be
considered:

o0 The numbev and class of vessels interacting in the sub-zone
and which of these interactions are important to the VTS
mission. Obviously all vessel classes of interest must be
appropriately equipped. This requires that all vessels of the
classes selected which will ever pass through this sub-zone
must be equipped with an ADS device. This requirement to
detect so many different ver_e.= argues against the use of
ADS. 1In areas where onlv one class of vessel is of interest,
ADS is more easily _amplemented.

o0 The interact.cn¢ or transits to be monitored must not
demand that the surveilla.ce ve fail safe, i.e. positively
detecting failures. This type of surveillance is related to
position reporting in that it may not always function or be
used properly and the VTS has 1limited control over its
operation.

o It must be determined that if active surveillance is not
justified, the additional information obtained from ADS over
position reporting is necessary.

o} If the class or group of vessels to be monitored is a
"controllable" group, ADS can be easily implenented and
satisfactory operation more readily achieved. Controllable
means a clearly defined subset of vessels, e.g. a specific
barge company; vessels carrying a specific cargo, etc.
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3.1.2

The design of this VTS system starts with a set of assumptions
based on the detailed survey and other data.

o The number of different vessels in each class of

interest that passes through the sub-zone in question must be
determined. This number must be known to accurately estimate

the cost of selecting this option for this sub-zone.

o A specific ADS solution for one sub-zone in one harbor may
affect all the VTS designs for all the other sub-zones in all

the other harbors.

Assumptions

as follows:

3.2

o As recommended by the IMO, all vessels of 20 meters or
more in length are required to participate in the VTS.
Participation is defined (at a minimum) as monitoring the
VTS frequency and reporting as required.

o The VTS system is implemented with the cooperation and
assistance of the port authorities, pilots associations,
and marine exchange, if any. The existing facilities,
services, and procedures established and operated by
these organizations are major elements of an integrated
VTS system as defined in the IMO VTS Guidelines.

o The life-cycle of all system hardware is ten years.

DESIGN DECISIONS8 (FIGURE 3-1)

3.2.1 General

Examination of the traffic levels,
identified problem areas

selection and location of sensor hardware.

3.2.2

Hardware Location and Selection

Module 3 radar
Module 10 VHF
Module 11 VHF
Module 13 MET
Module 15 HYD

Race Point Site

e e

[

New Haven Site Mcdule 10 VHF
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South Norwalk Site 1 Module 10 VHF
Sands Point Site 1 Module 3 radar
1 Module 10 VHF
1 Module 11 VHF
1 Module 13 MET
Crane Neck Site 1 Module 10 VHF

3.2.3 Vessel Traffic Center

The design of the hardware and software should be modern and
capable of operating with reduced staff levels and no loss of
effectiveness. One watchstander with an integrated data
workstation and decision aiding software can effectively manage the
activity in this port. This Vessel Traffic Center concept demands
that the watchstander be separated from any other harbor/port
information requests. The Center must be structured so that such
requests are controlled by a bulletin board type interface. One
officer-in-charge and one clerk are also required for the proper
administration of the facility.

The Vessel Traffic Center is located at New London in a location
with good visual surveillance of the Thames River entrance. The
center is to employ the following equipment:

3.2.3.1 VT8 cConsole

This console provides total data integration from all sensors in
all sectors. These data are graphically shown on raster scan, high
light level, color displays. A data display is also provided.
Console design architecture is general purpose computer based, open
architecture, bus organized, allowing operation of the system as a
local area network (LAN). Data interchange with other facilities
by modem is provided as well as interface with the U.S. Coast Guard
standard terminal. The design allows board level modification and
expansion. Features of the software and hardware provided are:

o0 Software written in a high level language.

o Software providing the total integration of data from all
VTS sensors.

o Layering of data in at least four layers to be operator
selectable.

o The ability to sector data including sector to sector
handoff of targets.
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o The ability to accept external digital data derived from
transmissions of shipboard transponders or other sources and
integrate the information with all other sensor data.

o] Automatic and/or manual acquisition of radar targets
including automatic tracking and target ID assignments. Guard
zones with automatic acquisition of all targets entering the
zone.

o0 Several warning levels of vessel interaction designed to
direct attention to developing situations rather than a simple
CPA alarm strategy.

o Complete vessel monitoring and alarm capability including
anchor watch, CPA, TCPA, track history, adjustable target
velocity vectors, restricted area penetration and maneuvering
monitor is provided. Additional warning and/or alarm features
allowed by programming changes in high level language.

0 Complete modern color graphics capability with offset and
zoom

o Complete harbor navigation aid monitoring capability
including buoy position, light status, etc.

o Remote control of all radars and radar interfaces as well
as radar data processing including site-to-site integration,
clutter suppression, scan conversion and target extraction.

o Complete track projection capability which can predict
and/or analyze future interactions based on current position,
destination and velocity.

o The capability of constructing a complete vessel data base
and interfacing it to the real-time Jdata display from the VTS
sensors.

3.2.3.2 Communications Console

This console 1is capable of remotely operating the proposed
transmitting/receiving sites and allowing transmission and
monitoring on all required frequencies. The console provides two
operating positions each to be capable of complete communications
control. It is capable of modular expansion if other remote
communications sites are added.

3.2.3.3 Supervisor Control and Data Acquisition (SCADA) Equipment

A SCADA capability is provided to the major module level at remote
sites ~o that the watchstander can determine the status of the
entire VTS system. A graphic readout is provided in block diagram
form indicating operational status of all elements in the system.
Security monitoring of remote sites is also included.
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3.2.3.4 Recording Equipment

Time synchronized video and audio recording equipment is to be
provided. This equipment is capable of recording and playing back
the data presented to the VTS watchstander and his reaction to the
situation. An extra set of recording equipment is to be installed
for redundancy purposes.

3.3 COST ESTIMATES
3.3.1 General

Vol. III, Technical Supplement discusses a generalized approach to
estimating VTS system costs. This approach is based on interviews
with system designers and purchasers of recently constructed
systems. The cost of this VTS system has been estimated using this
approach and is detailed below. The assumptions made in estimating
these costs are listed in Paragraph 3.1.2.

3.3.2 Hardware (x $1000)

Vessel Traffic Center non-recurring recurring(10-yr)
VTS Console (1 workstation 500
& all software)
Communications console 100
Recording Equipment 50
SCADA Equipment (2 radar sites) 200
Sub-total: 850 400

Sub-7Zone I--Eastern Approaches (NOAA Chart 13205

Comms /radar coverage from Sub-Zone III.

Sub-Zone II--Western Approaches (NOAA Chart 12363)

Comms /radar coverage from Sub-Zone III.
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Sub-Zone

ITII--Long Island Sound (NOAA Charts 12363 & 12354)

Module
Module
Module
Module
Module

= NN

3 radar 800
10 VHF 95
11 VHF 96
13 MET 80
15 HYD 50

Sub-total: 1121

HARDWARE TOTALS: 1971

3.3.3 Project Totals (x $1000)

Non-recurring

Hardware

Management, bEngineering, etc. (50%)
Assunptions: Turnkey system,
rrocurement by integ.contractor, good
manufacturer support, some software
provided, System Manual required

installation site integration (20%)
Assumnptions: Complete installation
by contractor, remote access no
se:jous problem, many widespread sites
Spares & Training (10%)
Civil Enginecering
2 remote radar sites, a Vi€ in New London,
remote comms and WX sensors installations,
land acquisition

PROJECT ESTIMATE:

Dat 1 Base Managemant System

TOTAL: (non-recurring)

Recurring (10 year)

Hardware

1 Watchstander x 5 - 5 man/years €@ 50K x 10
1 Officer-in-Charge

1 Clerk

TCTAL: (recurring) (10~-year life)

TOTAL 10-YEAR PROJECT COS8T:

IH-14

800
65
40
10

920

1320

$1971

986

394

197

1000

4548
300

$ 4848

1320
2500
500
500

$ 4820

$ 9668
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GLOSSARY

AD8: Automatic Dependent Surveillance

ARPA: Automatic Radar Plotting Aid.

"CONFINED-COMPLEX'": a combination of terms relating to the
geography and the nature of the interactions between ships. See
Final Report National Vessel Traffic Services Study (TP-5965E),
Canadian Coast Guard, Ottawa, October 1984, pp.89-91.
“"CONFINED-SIMPLE": a combination terms relating to the geography
and the nature of the interactions between ships. See Final Report
National Vessel Traffic Services Study (TP-5965E), Canadian Coast
Guard, Ottawa, October 1984, pp.89-91.

COTP: Captain of the Port

CCTV: closed circuit television

COLREGS LINE: a demarcation line delineating those waters upon
which international regulations for the prevention of collisions at
sea apply.

CPA: closest point of approach

DBM8: data kase management system

DF: direction finder

FAA: Federal Aviation Administration

GI8: Geographic Information System

ICW: Intracoastal Waterway

IMO: International Maritime Organization

KW: Kilowatt

LAN: local area network

LLOYD'S LI8ST: a listing of all merchant vessels of the world
including their physical characteristics. Published by Lloyd's of
London.

LNG: liquified natural gas

NOAA: National Oceanic and Atmospheric Administration
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YWOPEN-COMPLEX": a combination of terms relating to the geography
and the nature of the interactions between ships. See Final Report
National Vessel Traffic Services Study (TP-5965E), Canadian Coast
Guard, Ottawa, October 1984, pp. 89-91.

“OPEN-SIMPLE'": a combination of terms relating to the geography and
the nature of the interactions between ships. See Final Report
National Vessel Traffic Services Study (TP-5965E), Canadian Coast
Guard, Ottawa, October 1984, pp. 89-91.

PAI: Problem Area Idertifier

PRECAUTIONARY AREA: an area normally an intersection, entrance to,
or exit from a traffic separation scheme where vessel interactions
are unpredictable

SCADA: Supervisor Control and Data Acquisition

TCPA: time of closest point of approach

TRAFFIC SEPARATION S8CHEME: routes incorporating traffic separation
to increase the safety of navigation, particularly in converging
areas of high traffic density.

VHF: very high frequency

VTC: vessel traffic center

VTS: vessel traffic services
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APPENDIX
ADDITIONAL COST REQUIRED FOR ADDING

SURVEILLANCE EQUIPMENT
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LONG ISLAND S8OUND, NEW YORK (Including Additional Radar)

1.0 HARDWARE CO8S8T8 (x $1000)

Vessel Traffic Center non-recurring recurring (10-yr)
VTS Console (1 workstation 500
& all software)
Communications console 100
Recording Equipment 50
SCADA Equipment (2 radar sites) 200
Sub-total: 850 400
Sub-Zone I--Eastern A ocaches (6) Char

Comms /radar coverage from Sub-Zone III.

Sub-Zone II--Western Approaches (NOAA Chart 12363)

Comms/radar coverage from Sub-Zone III.

Suib-Zone III--Long Island Sound (NOAA Charts 12363 & 12354)

1 Module 1 radar 310 310
2 Module 1 radar 800 800
5 Module 1 10 VHF 95 650
2 Module 1 11 VFH 96 400
2 Module 1 13 MET 80 10
1 Module 1 15 HYD 50 5

Sub-tota: 1431 1230

HARDWARE TOTALS: 2281 1630
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PROJECT TOTALS (x $1000)

NON~RECURR.NG

Hardware

Management, Engireering, etc. (50%)
Assumptions: Turnkey systen,
Procurement by integ. contractor, good
manufacturer support, some software
prcvided, System Manual required

Installation site integraiton (20)
Assumptions: Complete installation
by contractor, remote access no
serious problem, many widespread sites
Spares & Training (10%)
Civil Engineering
2 remote radar sites, a VTC in New London,
remote comms and WX sensors installations,
land acquisition

PROJECT ESTIMATE:
Data Base Managemet System

TOTAL: (non-recurring)
RECURRING (10 YEAR)
Hardware
1 Watchstander x 5 = 5 man/years @ 50K x 10
1 Officer-in-Charge
1 Clerk

T TAL: (recurring) 10-year life)

TOTAL 10-YEAR PROJECT COST:

With Add4'l.
Radar
2281

1141

456

228

1300

5406
300

5706

1630
2500
500
500

5130

$10836




COMMENTS::

madar ooveracs iz justified by

1. The port survey indicates that .o
i interacticans,

the traffic levels anc

2. The two Problem Areas identifiied [(uxecntis |50 snd The Race)
were provided radar covearage teen of Uhie nyeen vy nature of

the survey.
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STUDY ZONE INPUT DATA AND OUTPUT STATISTICS




Appendix L Zone 12 Long Island Sound, NY/CT

TABLE 1 Assignment of COE Waterway Codes to Subzones 8/06/91
COE
Waterway Name

Subzone 1201A

53 A MYSTIC RIVER, CONN.
54 A THAMES RIVER, CONN.
56 A CONNECTICUT RIVER BELOW HARTFORD, CONN.
63 A HOUSATONIC RIVER, CONN.
83 A NIANTIC BAY AND HARBOR, CONN.
215 A GLEN COVE CREEK, N. Y.
303 A HAY (WEST) HARBOR, N. Y.
304 A NEW LONDON HARBOR, CONN.
311 A BRIDGEPORT HARBOR, CONN.
313 A WESTPORT HARBOR AND SAUGATUCK RIVER, CONN.
314 A NORWALK HARBOR, CONN.
317 a STAMFORD HARBOR, CONN.
319 A GREENWICH HARBOR, CONN.
320 A FIVEMILE RIVER HARBOR, CONN.
340 A PORT CHESTER HARBOR, N. Y.
346 A NEW ROCHELLE HARBOR, N. Y.
349 A MANHASSET BAY, N. Y.
514 A HEMPSTEAD HARBOR, N. Y.
516 A OYSTFR BAY, N. Y.
521 A NORTHENRT HARBOR, N. Y.
522 A PORT JEFFERSON HARBOR, N. Y.
523 A MATTITUCK HARBOR, N. Y.
527 A GREENPORT HARBOR, N. Y.
531 A SAG HARBOR, N. Y.
535 A LAKE MONTAUK HARBOR, N. Y.
1507 A NEW HAVEN HARBOR, CONN.

Subzone 1202B

53 A MYSTIC RIVER, CONN.
54 A THAMES RIVER, CONN.
56 A CONNECTICUT RIVER BELOW HARTFORD, CONN.
63 A HOUSATONIC RIVER, CONN.
83 A NIANTIC BAY AND HARBOR, CONN.
215 A GLEN COVE CREEK, N. Y.
303 A HAY (WEST) HARBOR, N. Y.
304 A NEW LONDON HARBOR, CONN.
311 A BRIDGEPORT HARBOR, CONN.
313 A WESTPORT HARBOR AND SAUGATUCK RIVER, CONN.
314 A NORWALK HARBOR, CONN.
317 A STAMFORD HARBOR, CONN.
319 A GREENWICH HARBOR, CONN.
320 A FIVEMILE RIVER HARBOR, CONN.
340 A PORT CHESTER HARBOR, N. Y.
346 A NEW ROCHELLE HARBOR, N. Y.
349 A MANHASSET BAY, N. Y.
514 A HEMPSTEAD HARBOR, N. Y.
516 A OYSTER BAY, N. Y,
521 A NORTHPORT HARBOR, N. Y.
522 A PORT JEFFERSON HARBOR, N. Y.
523 A MATTITUCK HARBOR, N. Y.
527 A GREENPORT HARBOR, N. Y.
531 A SAG HARBOR, N. Y.
535 A LAKE MONTAUK HARBOR, N. Y.
1507 A NEW HAVEN HARBOR, CONN.

Subzone 1203C

53 A MYSTIC RIVER, CONN.
53 B MYSTIC RIVER, CONN.
54 A THAMES RIVER, CONN.




Appendix L Zone 12 Long Island Sound, NY/CT
TABLE 1 Assignment of COE Waterway Codes to Subzones 8/06/91
COE
Waterway Name
Subzone 1203C
56 A CONNECTICUT RIVER BELOW HARTFORD, CONN.
56 B CONNECTICUT RIVER BELOW HARTFORD, CONN.
63 A HOUSATONIC RIVER, CONN.
63 B HOUSATONIC RIVER, CONN.
83 A NIANTIC BAY AND HARBOR, CONN.
83 B NIANTIC BAY AND HARBOR, CONN.
215 A GLEN COVE CREEK, N. Y.
215 B GLEN COVE CREEK, N. Y.
303 A HAY (WEST) HARBOR, N. Y.
303 B HAY (WEST) HARBOR, N. Y.
304 A NEW LONDON HARBOR, CONN.
304 B NEW LONDON HARBOR, CONN.
311 A BRIDGEPORT HARBOR, CONN.
311 B BRIDGEPORT HARBOR, CONN.
313 A WESTPORT HARBOR AND SAUGATUCK RIVER, CONN.
313 B WESTPORT HARBOR AND SAUGATUCK RIVER, CONN.
314 A NORWALK HARBOR, CONN.
314 B NORWALK HARBOR, CONN.
317 A STAMFORD HARBOR, CONN.
317 B STAMFORD HARBOR, CONN.
319 A GREENWICH HARBOR, CONN.
319 B GREENWICH HARBOR, CONN.
320 A FIVEMILE RIVER HARBOR, CONN.
320 B FIVEMILE RIVER HARBOR, CONN.
340 A PORT CHESTER HARBOR, N. Y.
340 B PORT CHESTER H~ARBOR, N. Y.
346 A NEW ROCHELLE HARBOR, N. Y.
346 B NEW ROCHELLE HARBOR, N. Y.
349 A MANHASSET BAY, N. Y.
514 A HEMPSTEAD HARBOR, N. Y.
514 B HEMPSTEAD HARBOR, N. Y.
516 A OYSTER BAY, N. Y.
516 B OYSTER BAY, N. Y.
521 A NORTHPORT HARBOR, N. Y.
521 B NORTHPORT HARBOR, N. Y.
522 A PORT JEFFERSON HARBOR, N. Y.
522 B PORT JEFFERSON HARBOR, N. Y.
523 A MATTITUCK HARBOR, N. Y.
523 B MATTITUCK HARBOR, N. Y.
1507 A NEW HAVEN HARBOR, CONN.
1507 B NEW HAVEN HARBOR, CONN.
Subzone 1204D
304 A NEW LONDON HARBOR, CONN.
304 B NEW LONDON HARBOR, CONN.
Subzone 1205D
1507 A NEW HAVEN HARBOR, CONN.
1507 B NEW HAVEN HARBOR, CONN.
Subzone 1206E
53 B MYSTIC RIVER, CONN.
56 B CONNECTICUT RIVER BELOW HARTFORD, CONN.
63 B HOUSATONIC RIVER, CONN.
83 B NIANTIC BAY AND HRRBOR, CONN.
215 B GLEN COVE CREEK, N. Y.
303 B HAY (WEST) HARBOR, N. Y.
304 B NEW LONDON HARBOR, CONN.




Appendix L Zone 12 Long Island Sound, NY/CT

TABLE 1 Assignment of COE Waterway Codes to Subzeones 8/06/91
COE
Waterway Name
Subzone 1206E
311 B 3RIDGEPORT HARBOR, CONN.
313 B WESTPORT HARBOR AND SAUGATUCK RIVER, CONN.
314 B NORWALK HARBOR, CONN.
317 3 STAMFORD HARBOR, CONN.
319 B GREENWICH HARBOR, CONN.
320 B FIVEMILE RIVER HARBOR, CONN.
340 8 PORT CHESTER HARBOR, N. Y.
346 B NEW ROCHELLE HARBOR, N. Y.
349 A MANHASSET BAY, N. Y.
349 B MANHASSET BAY, N. Y.
514 B HEMPSTEAD HARBOR, N. Y,
516 B OYSTER BAY, N. Y.
521 B NORTHPORT HARBOR, N. Y.
522 B PORT JEFFERSON HARBOR, N. Y.
523 B MATTITUCK HARBOR, N. Y.
1507 B NEW HAVEN HARBOR, CONN,.




Appendix L  Zone 12 tong Island Sound, NY/CT 7/15/91
TABLE 2 Base Year 1987 Cargo Tons by Subzone, Commedity, and Vessel Type

Subzone 1201A

Comm. Ory Cargo Tanker

Code Name Dry Cargo Tanker Barge Tow Barge Tow Total
1 FARM PRODUCTS 222 0 0 0 222
2  FOREST PRODUCTS 4 0 0 0 4
3  FISHERIES PRODUCTS 686 0 0 0 686
4  MINING PROOUCTS, NEC 964,380 0 225,515 0 1,189,895
5 PROC. FOODS & MFTRS, NEC 2,025,978 0 34,113 0 2,060,091
6  WASTE OF MANUFACTURING 223,39 0 7,824 0 231,215

2810  SODIUM HYDROXIDE (CAUST} 4,495 0 0 0 4,495

2813  ALCOHOLS 0 53,755 8,631 62,386

2818  SULPHURIC ACID 18,799 0 12,004 30,803

(=]

0

0
2911 GASOLINE, INCL NATURAL 5,431,535 0 1,626 711 6,858,246
2912  JET FUEL 0 285,189 0 55,663 340,852
2913 KEROSENE 4] 125,021 e 17,060 142,081
2914 DISTILLATE FUEL OIL 0 5,142,908 0 1,246,983 6,387,891
2915 RESIDUAL FUEL OIL 0 3,147,751 0 587,183 3,734,934
2916  LUBRIC OILS-GREASES 0 33 0 2 35

2917  NAPHTHA, PETRLM SOLVENTS 0 24,863 0

Subzone Total : 3,237,955 14,211,055 267,452

5,461 30,324
3,357,698 21,074,160

Subzone 12028

Comm, Dry Cargo Tanker
Code Name Dry Cargo Tanker Barge Tow Barge Tow Total
1 FARM PRODUCTS 222 0 ¢] 0 222
2 FOREST PRODUCTS 4 0 0 4] 4
3 FISHERIES PRODUCTS 686 0 0 0 686
4  MINING PRODUCTS, NEC 964,380 0 225,515 0 1,189,895
5 PROC. FOODS & MFTRS, NEC 2,025,978 0 34,113 0 2,060,091
6  WASTE OF MANUFACTURING 223,391 0 7,824 0 231,215
2810  SODIUM HYDROXIDE (CAUSTI 4,495 0 0 0 4,495
2813  ALCOHOLS 0 53,755 o} 8,631 62,386
2818  SULPKURIC ACID 18,799 0 0 12,004 30,803
2611 GASOLINE, INCL NATURAL 0 5,431,535 0 1,426,711 6,858,246
2912  JET FUEL 0 285,189 0 55,663 340,852
2913 KEROSENE 0 125,021 0 17,060 142,081
2914  DISTILLATE FUEL OIL 0 5,142,908 0 1,244,983 6,387,891
2915  RESIDUAL FUEL OIL 0 3,147,751 0 587,183  3,734,93¢
2916  LUBRIC OILS-GREASES 0 33 0 2 35
2917  NAPHTHA, PETRLM SOLVENTS 0 24,863 0 5,461 30,324
Subzone Total : 3,237,955 14,211,055 267,452 3,357,698 21,074,160
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Appendix L Zone 12 Long Island Sound, NY/CT

TABLE 2 Base Year 1987 Cargo Tons by Subzone, Commodity, and Vessel Type

Subzone 1203C

Code Name
1 FARM PRODUCTS
2  FOREST PRODUCTS
3 FISHERIES PRODUCTS
4 MINING PRODUCTS, NEC
5 PROC. FOODS & MFTRS, NEC
6 WASTE OF MANUFACTURING
2810 SODIUM HYDROXIDE (CAUSTI
2813 ALCOHKOLS
2818 SULPHURIC ACID
2911 GASOLINE, INCL NATURAL
2912  JET FUEL
2913  KEROSENE
2914  DISTILLATE FUEL OIL
2915  RESIDUAL FUEL OIL
2916  LUBRIC OILS-GREASES
2917  NAPHTHA, PETRLM SOLVENTS
Subzone Total :

Subzone 12040
Comm.
Code Name
4 MINING PRODUCTS, NEC
5 PROC. FOODS & MFTRS, NEC
2810 SODIUM HYDROXIDE (CAUSTI
2818 SULPHURIC ACID
2913 KEROSENE
2914 DISTILLATE FUEL OIL
2915 RESIDUAL FUEL OIL
Subzone Total :

Subzone 1205D
Comm.
Code Name
1 FARM PRODUCTS
3 FISHERIES PRODUCTS
4  MINING PRODUCTS, NEC
5 PROC. FOODS & MFTRS, NEC
6 WASTE OF MANUFACTURING
2813  ALCOHOLS
2818  SULPHURIC ACID
2911  GASOLINE, INCL NATURAL
2912  JET FUEL
2913  XEROSENE
2914  DISTILLATE FUEL OIL
2915 RESIDUAL FUEL OIL
2917 NAPHTHA, PETRLM SOLVENTS
Subzone Total :

Subzone 1206E

Comm.

Code Name

2916  DISTILLATE FUEL OIL
Subzone Total :

Dry Cargo
222

4

686
964,380
2,025,978
223,391
4,495

0

18,799

o

0
0
0
0
0
0
3,237,955

Dry Cargo
25,712
278,207
4,495
12,499

0

0

0
320,913

Dry Cargo
77

268
30,363
1,178,555
184,423

o

6,300

Dry Cargo
0
0

Tanker

[eNeNoN oo N o]

0
53,755
0

5,431,535
285,189
125,021

5,142,908

3,147,751

33
24,863
14,211,055

Tanker
0

0

0

0
17,61
414,599
243,095
675,105

Tanker

OO0

53,755

0
2,771,593
262,240
76,257
2,705,879
1,126,070
21,850
6,997,644

Tanker

LT-7

Dry Cargo
Barge Tow

0

0
225,515
34,113
7,824

0

0
0
0
0
0
0
0
0
0
267,452

Dry Cargo
Barge Tow

OO0 0COOO

Dry Cargo
Barge Tow
0

0
0
0
0
0
0
0
0
0
0
0
0
0

Dry Cargo
Barge Tow
0
0

7/15/9
Tanker
Barge Tow Totatl
0 222
0 4
0 686
0 1,189,895
0 2,060,091
0 231,215
0 4,495
8,631 62,386
12,004 30,803
1,426,711 6,858,246
55,663 340,852
17,060 142,081
1,244,983 6,387,891
587,183 734,934
2 35
5,461 30,324
3,357,698 21,074,160
Tanker
Barge Tow Total
0 25,712
0 278,207
0 4,495
12,004 24,503
0 17,611
0 414,599
0 243,095
12,004 1,008,022
Tanker
Barge Tow Total
0 77
0 268
0 30,363
0 1,178,555
0 184,423
8,631 62,386
0 6,300
440,606 3,212,199
38,445 280,685
12,100 88,357
467,426 3,173,305
184,388 1,310,458
3,508 25,358
1,155,104 9,552,734
Tanker
Barge Tow Total
85,064 85,064
85,064 85,064




Appendix L ZONE

7/22/91

12 Long Island Sound, NY/CT

TABLE 3 Base Year (1987)

Vessel Transits by Subzone,

Vessel Type

Subzone : 1201A

Passenger

Dry Cargo

Tanker

Dry Cargo Barge Tow

Tanker Barge Tow

Tug/Tow Boat

Subzone Total:

Subzone : 12028
Passenger
Dry Cargo
Tanker
Dry Cargo Barge Tow
Tanker Barge Tow
Tug/Tow Boat

Subzone Total:

Subzone : 1203¢C
Passenger
Dry Cargo
Tanker
Dry Cargo Barge Tow
Tanker Barge Tow
Tug/Tow Boat

Subzone Total:

Subzone : 1204D
Passenger
Dry Cargo
Tanker
Dry Cargo Barge Tow
Tanker Barge Tow
Tug/Tow Boat

Subzone Total:

Vessel Type, and Size.

Medium

———— e —————

——— o ————
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3,912
292,763
432
6,130
1,194
1,888

306,317

4,286
292,763
432
6,130
1,194
1,888

306,691

18,490
41,535
1,649
24,501
4,487
7,317

307,772

4,286
293,411
828
6,134
1,601
1,888




7/22/91
Appendix L ZONE 12 Long Island Sound, NY/CT

TABLE 3 Base Year (1987)
Vessel Transits by Subzone, Vessel Type, and Size.

Vessel Type Large Medium Small Total
Subzone : 1205D
Dry Cargo 56 291 709 1,056
Tanker 127 147 300 574
Dry Cargo Barge Tow 1 0 113 114
Tanker Barge Tow 243 0 1,438 1,681
Tug/Tow Boat 0 0 2,357 2,357
Subzone Total: 427 438 4,917 5,782
Subzone : 1206E
Passenger 0 0 130 130
Tanker 0 0 1,228 1,228
Dry Cargo Barge Tow 0 0 18,374 18,274
Tanker Barge Tow 0 0 3,365 3,365
Tug/Tow Boat 0 0 5,479 5,479
Subzone Total: 0 0 28,576 28,576

Note: Sum of all vessel transits within each study subzone.

ZONE 12 Long Island Sound, NY/CT

Vessel Type Large Medium Small Total
Passenger 0 0 19,646 19,646
Dry Cargo 103 545 292,763 293,411
Tanker 167 229 1,657 2,053
Dry Cargo Barge Tow 4 0 24,503 24,507
Tanker Barge Tow 407 0 4,541 4,948
Tug/Tow Boat 0 0 7,355 7,355
Zone Total: 681 774 350,465 351,920

Note: Sum of all arrivals/departures to/from all terminals
within the Study Zone.
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Appendix L Zone 12 Long Island Sound, NY/CT

TABLE & Barges Per Tow - Average Factors by COE Waterway 8/6/91
COE Code Waterway Name Ory Barge Tank Barge
SUBZONE Atl Subzones within this Zone 1 1

NOTE: Average size of tows arrivina/departing terminals within the waterway. Sizes of other tows transiting
the area may differ.
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Appendix L Zone 12 Long Island Sound, NY/CT

TABLE 5 Other Local Vessels ks Subzone 7/21/91
Number of Vessels per
Subzone Name Vessels Square Mile
1201A 29,440 66.61
12028 32,250 94.85
1203C 83,890 69.33
1204D 5,459 1,186.74
1205D 10,918 992.55
1206E 18,968 790.33
Total for Zone 180,925 89.06

Note: State registered (17989/90, vessels estimated to be operated
within the Subzone.
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Appendix L ZONE 12 Long Island Sound, NY/CT

TABLE 6.1 Forecast 1995
Vessel Transits by Subzone, Vessel Type, and Size

Vessel Type Large Medium Small Total
Subzone : 1201A
Passenger 0 c 3,989 3,989
Dry Cargo 134 747 308,444 309,325
Tanker 180 254 1,803 2,237
Dry Cargo Tow 0 0 25,670 25,670
Tanker Tow 426 0 4,911 5,337
Tug/Tow Boat 0 0 3,320 3,320
Subzone Total: 740 1,001 348,137 345,878
Siyk~~1e - 12228
Passenger 0 0 4,370 4,370
Dry Cargo 134 747 308,444 309,325
Tanker 180 254 1,803 2,237
Dry Cargo Tow 0 0 25,670 25,670
Tanker Tow 426 0 4,911 5,337
Tug/Tow Boat 0 0 3,320 3,320
Subzone Total: 740 1,001 348,518 350,259
Subzone : 1203C
Passenger 0 0 18,853 18,853
Dry Cargo 134 747 47,141 48,022
Tanker 180 254 1,803 2,237
Dry Cargo Tow 0 0 25,669 25,669
Tanker Tow 426 0 4,911 5,337
Tug/Tow Boat o 0 3,316 3,316
Subzone Total: 740 1,001 101,693 103,434
Subzone : 1204D
Passenger 0 0 8,451 8,451
Dry Cargo 7 92 758 857
Tanker 11 46 32 §9
Dry Cargo Tow 0 0 148 148
Tanker Tow 0 0 274 274
Tug/Tow Boat 0 0 (246) (246)
Subzone Total: 18 138 9,417 9,573




7/24/91
Appendix L ZONE 12 Long Island Sound, NY/CT

TABLE 6.1 Forecast 1995
Vessel Transits by Subzone, Vessel Type, and Size

Vessel Type Large Medium Small Total
Subzone : 1205D
Dry Cargo 78 421 855 1,354
Tanker 135 162 318 615
Dry Cargo Tow 0 0 118 118
Tanker Tow 258 0 1,596 1,854
Tu.g/Tow Boat 0 0 2,892 2,892
Subzone Total: 471 583 5,779 6,833
Subzone : 1206E
Passenger 0 0 133 133
Tanker 0 g 1i 11
Dry Cargo Tow 0 0 1 i
Tanker Tow 0 0 81 81
Tug/Tow Boat 0 0 (1) (1)
Subzone Total: 0 0 225 225

Note: Sum of all vessel transits within each study subzone.




7724791
Appendix L ZONE 12 Long Island Sound, NY/CT

TABLE 6.2 Forecast 2000
Vessel Transits by Subzone, Vessel Type, and Size

Vessel Type Large Medium Small o
Subzone : 1201A
Passenger 0 0 4,067 4,067
Dry Cargo 161 923 317,520 318,604
Tanker 189 270 1,907 2,366
Dry Cargo Tow 0 0 26,211 26,314
Tanker Tow 451 0 5,162 5,613
Tug/Tow Boat 0 0 4,097 4,097
Subzone Total: 801 1,193 359,067 361,061
Subzone : 1202B
Passenger 0 0 4,456 4,456
Dry Cargo 161 923 317,520 318,604
Tanker 189 270 1,907 2,366
Dry Cargo Tow 4] 0 26,314 26,314
Tanker Tow 451 0 5,162 5,613
Tug/Tow Boat 0 0 4,097 4,097
Subzone Total: 801 1,193 359,456 361,450
Subzone : 1203¢C
Passenger 0 0 19,224 19,224
Dry Cargo 161 923 51,043 52,127
Tanker 189 270 1,907 2,366
Dry Cargo Tow 0 0 26,313 26,313
Tanker Tow 451 0 5,162 5,613
Tug/Tow Boat 0 0 4,093 4,093
Subzone Total: 801 1,193 107,742 109,736
Subzone : 1204D
Passenger 0 0 8,617 8,617
Dry Cargo 8 104 852 964
Tanker 12 49 35 96
Dry Cargo Tow 0 c 151 151
Tanker Tow 0 Q 291 291
Tug/Tow Boat 0 0 (247) (247)
Subzone Total: 20 153 9,699 9,872
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7/24/91
Appendix L ZONE 12 Long Island Sound, NY/CT

TABLE 6.2 Forecast 2000
Vessel Transits by Subzone, Vessel Type, and Size

Vessel Tyre Large Medium Small Total
Subzone : 1205D
Dry Cargo 99 542 968 1,609
Tanker 142 173 334 649
Dry Cargo Tow 0 0 120 120
Tanker Tow 272 0 1,709 1,981
Tug/Tow Boat 0 0 3,469 3,469
Subzone Total: 513 715 6,600 7,828
Subzone : 1206E
Passenger 0 0 135 135
Tanker 0 0] 12 12
Dry Cargo Tow 0 0 1 1
Tanker Tow o) 0] 87 87
Tug/Tow Boat 0 0 (1) (1)
Subzone Total: 0 0 234 234

Note: Sum of all vessel transits within each study subzone.
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7/24/91
Appendix L ZONE 12 Long Island Sound, NY/CT

TABLE 6.3 Forecast 2005
Vessel Transits by Subzone, Vessel Type, and Size

Vessel Type Large Medium Small Total
Subzone : 1201A
Passenger 0 0 4,164 4,16+
Dry Ccrgo 197 1,162 326,812 328,171
Tanker 200 286 2,018 2,502
Dry Cargo Tow 0 0 26,962 26,962
Tanker [ow 478 0 5,425 5,903
Tug/Tow Boat 0 0 5,130 5,130
Subzone Total: 875 1,448 370,509 372,832
Subzone : 1202B
Passenger 0 0 4,562 4,562
Dry Cargo 197 1,162 326,812 328,171
Tanker 200 286 2,016 2,502
Dry Cargo Tow 0 0 26,962 26,962
Tanker Tow 478 0 5,425 5,903
Tug/Tow Boat 0 0 5,130 5,130
Subzone Total: 875 1,448 370,907 373,230
Subzone : 1203¢C
Passenger 0 0 19,680 19,680
Dry Cargo 197 1,162 55,335 56,694
Tanker 200 286 2,016 2,502
Dry Cargo Tow 0 0 26,961 26,961
Tanker Tow 478 0 5,425 5,903
Tug/Tow Boat 0 0 5,126 5,126
Subzone Total: 875 1,448 114,543 116,866
Subzcone : 1204D
Passenger 0 0 8,821 8,821
Dry Cargo 9 118 960 1,087
Tanker 13 52 37 102
Dry Cargo Tow 0 0 153 153
Tanker Tow 0 0 310 310
Tug/Tow Boat 0 0 (248) (248)
Subzone Total: 22 170 10,033 10,225
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7/24/91
Appendix L ZONE 12 Long Island Sound, NY/CT

TABLE 6.3 Forecast 2005
Vessel Transits by Subzone, Vessel Type, and Size

Vessel Type Large Medium Small Total
Subzone : 1205D
Dry Cargo 127 713 1,108 1,948
Tanker 150 184 350 684
Dry Cargo Tow 0 0 122 122
Tanker Tow 287 0 1,830 2,117
Tug/Tow Boat 0 0 4,252 4,252
Subzone Total: 564 897 7,662 9,123
Subzone : 1206F
Passenger 0 0 138 138
Tanker 0 0 12 12
Dry Cargo Tow 0 0 1 1
Tanker Tow 0 0 93 93
Tug/Tow Boat 0 0 (1) (1)
Subzone Total: 0 0 243 243

Note: Sum of all vessel transits within each study subzone.
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7/24/91
Appendix L ZONE 12 Long Island Sound, NY/CT

TABLE 6.4 Forecast 2010
Vessel Transits by Subzone, Vessel Type, and Size

Vessel Type Large Medium Small Total
Subzone : 1201A
Passenger 0 0 4,263 4,263
Dry Cacrgo 247 1,489 336,586 338,322
Tanker 214 307 2,136 2,657
Dry Cargo Tow 0 0 27,634 27,634
Tanker Tow 507 0 5,705 6,212
Tug/Tow Boat 0 0 6,527 6,527
Subzone Total: 968 1,796 382,851 385,615
Subzone : 1202B
Passenger 0 0 4,670 4,670
Dry Cargo 247 1,489 336,586 338,322
Tanker 214 307 2,136 2,657
Dry Cargo Tow 0 0 27,634 27,634
Tanker Tow 507 0 5,705 6,212
Tug/Tow Boat 0 0 6,527 6,527
Subzone Total: 968 1,796 383,258 386,022
Subzone : 1203C
Passenger 0 0 20,147 20,147
Dry Cargo 247 1,489 60,059 61,795
Tanker 214 307 2,136 2,657
Dry Cargo Tow 0 0 27,633 27,633
Tanker Tow 507 0 5,705 6,212
Tug/Tow Boat 0 0 6,523 6,523
Subzone Total: 968 1,796 122,203 124,967
Subzone : 1204D
Passenger 0 0 9,031 9,031
Dry Cargo 11 135 1,082 1,228
Tanker 14 56 40 110
Dry Cargo Tow 0 0 156 156
Tanker Tow 0 0 330 330
Tug/Tow Boat 0 0 (249) (249)
Subzone Total: 25 191 10,390 10,606
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7/24/91
Appendix L ZONE 12 Long Island Sound, NY/CT

TABLE 6.4 Forecast 2010
Vessel Transits by Subzone, Vessel Type, and Size

Vessel Type T arge Medium Small Total
Subzone : 1205D
Dry Cargo 167 955 1,282 2,404
Tanker 159 197 369 725
Dry Cargo Tow 0 0 124 124
Tanker Tow 303 0 1,959 2,262
Tug/Tow Boat 0 0 5,333 5,333
Subzone Total: 629 1,152 9,067 10,848
Subzone : 1206E
Passenger 0 0 142 142
Tanker 0 0 12 12
Dry Cargo Tow 0 0 1 1
Tanker Tow 0 0 100 100
Tug/Tow Boat 0 0 (1) (1)
Subzone Total: 0 0 254 254

Note: Sum of all vessel transits within each study subzone.
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7/25/91
Appendix L ZONE 1. Long Island Sound, NY/CT

TABLE 6.5 Forecast 1995 - 2010 Vessel Transits by Vessel Type and Size

Vessel Type Large Medium Small Total

— - ——— o ———— = —— - ———— —— o — ————— i —— -—— i ————

1995 FORECASTED ZONE TOTALS

Passenger 0 0 20,032 20,032
Dry Cargo 125 699 308,331 309,155
Tanker 180 254 1,803 2,237
Dry Cargo Tow 0 0 25,670 25,670
Tanker Tow 426 0 4,911 5,337
Tug/Tow Boat 0 0 3,320 3,320
1995 Zone Total: 731 953 364,067 365,751

2000 FORECASTED ZONE TOTALS

Passenger ) 0 20,426 20,426
Dry Cargo 145 831 317,321 318,297
Tanker 189 270 1,907 2,366
Dry Cargo Tow 0 0 26,314 26,314
Tanker Tow 451 0 5,162 5,613
Tug/Tow Boat 0 0 4,097 4,097
2000 Zone Total: 785 1,101 375,227 377,113

2005 FORECASTED ZONE TOTALS

Passenger 0 0 20,910 20,910
Dry Cargo 178 1,025 326,544 327,747
Tanker 200 286 2,016 2,502
Dry Cargo Tow 4] 4] 26,962 26,962
Tanker Tow 478 0 5,425 5,903
Tug/Tow Boat 0 0 5,130 5,130
2005 Zone Total: 856 1,311 386,987 389,154

2010 FORECASTED ZONE TOTALS

Passenger 0 0 21,406 21,406
Dry Cargo 223 1,314 336,283 337,820
Tanker 214 307 2,136 2,657
Dry Cargo Tow 0 0 27,634 27,634
Tanker Tow 507 0 5,705 6,212
Tug/Tow Boat 0 0 6,527 6,527
2010 Zone Total: 944 1,621 399,691 402,256

Note: Sum of all arrivals/departures to/from all terminals within the
study zone.
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Appendix L Zone 12 Long Island Sound, NY/CT 7/25/91

TABLE 7 Vessel Casualty History (10 Year Totals) by
Subzone, Vessel Type and Size, and Casualty Type

Vessel Type Size Coilisions Rammings Groundings Other Total

Subzone: 1201A

Passenger Smal l 1 0 24 0 25
Fishing Smalt 3 0 2 0 5
Other Small 1 0 0 0 1
Subzone Totals: 5 0 26 0 31
Subzone: 12028
Passenger Smal( 0 a 2 0 2
Fishing Smal L 0 0 1 0 1
Subzone Totals: 0 0 3 0 3
Subzone: 1203C
Passenger Small 2 0 1 0 3
Tanker Large 0 0 1 0 1
Dry Cargo Barge Tow Small 1 0 0 0 1
Tanker Barge Tow Small 3 0 2 0 5
Other Smoll 2 0 1 0 3
Subzone Totals: 8 0 5 0 13
Subzone: 12050
Tanker Barge Tow Small 0 0 1 0 1
Subzone Totals: 0 0 1 0 1
Subzone: 1206€
Tanker Barge Tow Small 0 0 2 0 2
Tug/Tow Boat Small 0 0 1 0 1
Subzone Totals: 0 0 3 0 3
Zone Totals: 13 0 38 0 51

Note: OTHER equals barge breakaways and weather caused vessel casuatties.
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APPENDIX TABLE L-8 ZONE 12, LONG ISLAND, NY
LEVELS IN OPERATION

(Not Applicable to This Sub-Zone.)
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APPENDIX TABLE L-9 ZONE 12, LONG ISLAND, NY
CANDIDATE VTS DESIGN - 1995-2010

Average Performance

Average Performance

High Performance

High Performance

Special Purpose

Special Purpose

Active Radar Transponder (Type 1)
Positional Transponder, Small
Area, Very High Accuracy (Type 5)
Positional Transponder, Small
Area, High Accuracy (Type 6)

Low power VHF Transmitting/
Receiving Facility

High power VHF Transmitting/
Receiving Facility

Module 12 - Air temperature, wind

direction and speed

Module 13 - Air temperature, wind

direction and speed,
visibility

Hydrological Module 14 - Water Temperature and

Depth

Hydrological Module 15 - Water Temperature, Depth

and Current

VHF/DF MODULE 16 - Line of position measurement to

UNITS
1 Radar Module 1
0 Radar Module 2
2 Radar Module 3
0 Radar Module 4
0 Radar Module 5
0 Radar Module 6
0 ADS Module 7
0 ADS Module 8
0 ADS Module 9
5 VHF Module 10
2 VHF Module 11
0 Meteorological
2 Meteorological
0
1
0
0 CCTV MODULE 17 -
0 CCTV MODULE 18 -

2 degree RMS
Fixed Focus CCTV via Telephone
Lines
Remotely Controllable CCTV via
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Appendix L Zone 12 Long Island Sound, NY/CT

TABLE 10A Avoided Vesset Casualties 1996 - 2010 7/31/91
Candidate VTS Systems

Counts
Vessel Type Size Collision Ramming Grounding Total

Passenger smait .29 .05 .43 .76
Dry Cargo Large .05 .01 .10 .16
Dry Cargo Medium 13 .02 .07 .22
Dry Cargo Small 3.17 42 .84 4.43
Tanker Large .13 .03 .25 61
Tanker Medium .02 .00 .02 .04
Tanker Small 1 0.00 .10 .21
Dry Cargo Barge T Small 9.57 3.09 4.60 17.26
Tanker Barge Tow Large .09 .05 .08 .22
Tanker Barge Tow Small 2.06 .38 1.66 4.10
Tug/Tow Boat Small .15 .06 .15 .36

15.76 4.12 8.31 28.19

Undiscounted Total Dollar Losses (1,000)

Vessel Type Size Collision Ramming Grounding Total
Passenger Smatt 255 44 266 565
Dry Cargo Large 80 21 32 133
Dry Cargo Medium 200 49 23 271
Ory Cargo Small 2,219 292 524 3,035
Tanker Large 535 156 607 1,298
Tanker Medium 35 5 1" 51
Tanker smail 49 0 26 75
Dry Cargo Barge T Small 525 EED 75 931
Tanker Barge Tow Large 568 320 373 1,261
Tanker Barge Tow  Smatl 6,182 1,167 866 8,215
Tug/Tow Boat Small 12 9 1 32

10,660 2,394 2,813 15,867

Note: [n Counts, 0.00 equals 0.0000000; .00 represents a number less
than 1 and greater than 0.0000000 rounded to two decimal places.
Counts totals were calculated before rounding.
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Appendix L Zone 12 Long Island Sound, NY/CT 7/24/91

TABLE 11 Avoided Fatalities 1996 - 2010
Vessel Type Size Collision Ramming Grounding Total
Candidate VTS Design -  Counts
Passenger small .02 .00 .03 .05
Dry Cargo Large .01 .00 .01 .02
Dry Cargo Medium .02 .00 .01 .03
Ory Cargo Smal L .20 .03 .05 .28
Tanker small .00 0.00 .00 .00
Dry Cargo Barge Tow Smatl .02 .01 01 .04
Tanker Barge Tow Smatl .00 .00 .00 .01
Tug/Tow Boat Small .00 .00 .00 .00
Totals .27 .04 .12 .43
Candidate VTS Design - Dollars
Passenger Small 27,686.71 4,768.13 40,820.61 73,275.45
Dry Cargo Large 10,183.70 2,034.37 18,397.98 30,616.05
Dry Cargo Medium 23,578.23 4,460.45 13,582.91 41,721.59
Dry Cargo Smal l 304,557.21 40,123.07 80,650.59 425,330.88
Tanker Small 361.31 0.00 340.24 701.55
Dry Cargo Barge Tow Smatt 31,628.04 10,215.99 15,219.55 57,063.59
Tanker Barge Tow small 6,805.91 1,267.12 5,480.81 13,553.8¢4
Tug/Tow Boat small 498.97 189.93 508.47 1,197.37
Totals 405,300.08 63,059.06 175,101.17 643,460.31
Note : In Counts, 0.00 equals 0.0600000; .00 represents a number less than 1 and greater
than 0.000C0C0 rounded to two decimal places. Counts totals were calculated before
rounding.
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Appendix L  Zone 12 Long Istand Sound, NY/CT 7/26/91

TABLE 12 Avoided Human Injuries 1996 - 2010
Vessel Type Size Collision Ramming Grounding Total

Candidate VTS Design - Counts
Passenger Smal l .22 .04 .32 .58
Dry Cargo Large .00 .00 .00 .00
Dry Cargo Medium .00 .00 .00 .00
Dry Cargo Small 2.41 .32 .64 3.36
Tanker Small .00 0.00 .00 .01
Dry Cargo Barge Tow Smal .23 .07 .1 .42
Tanker Barge Tow Small .05 .01 .04 .10
Tug/Tow Boat small .00 .00 .00 .0

Totals 2.92 A 1.12 4.48
Candidate VTS Design - Dollars
Passenger Smatl 52,134.53 8,978.47 76,865.89 137,978.89
Dry Cargo Large 174.85 34.93 315.89 525.67
Dry Cargo Medium 404.83 76.58 234.93 716.35
Dry Cargo Small 573,486.29 75,552.41 151,866.40 800,905.10
Tanker Small 631.32 0.00 594.50 1,225.82
Dry Cargo Barge Tow Small 55,264.12 17,850.55 26,593.34 99,708.01
Tanker Barge Tow Small 11,892.06 2,216.06 9,576.70 23,682.82
Tug/Tow Boat Small 871.86 331.87 888.45 2,092.18

Totals 694,859.87 105,038.87 266,936.10 1,066,834.84

Note : In Counts, 0.00 equals 0.0000000; .00 represents a number less than 1 and greater
than 0.0000000 rounded to two decimal places. Counts totals were calculated before
rounding.
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Appendix L  Zone 12 Long Istand Sound, NY/CT 7/26/91

TABLE 13 Avoided Vessels Damaged 1996 - 2010
Vessel Type Size Collision Ramming Grounding Total
Candidate VTS Design -  Counts
Passenger Small .25 .03 13 .41
pry Cargo Large .04 .01 .01 .06
Dry Cargo Medium .09 .02 .01 .12
Dry Cargo Smatl 2.72 .29 A 3.45
Tanker Large .10 .03 .03 16
Tanker Medium .02 .00 .00 .02
Tanker Small .02 0.00 .02 .05
Dry Cargo Barge Tow Small 7.30 1.31 b4 9.25
Tanker Barge Tow Large .08 .02 .02 .12
Tanker Barge Tow Small 1.57 .16 .23 1.96
Tug/Tow Boat Small .03 .01 .02 .05
Totals 12.21 1.88 1.56 15.64
Candidate VTS Design - Dollars
Passenger Small 83,762.83 11,275.11 68,429.26 163,467.20
Dry Cargo Large 29,599.51 5,658.72 5,665.65 40,923.88
Dry Cargo Medium 82,793.24 14,988.99 3,150.33 100,932.56
Dry Cargo Small 515,978.35 55,273.77 112,950.23 684,202.35
Tanker Large 74,943.13 21,618.68 71,626.61 168,188.42
Tanker Medium 11,211.92 1,311.36 4,706.8) 17,230.08
Tanker Small 7,160.49 0.00 8,795.22 15,955.71
Dry Cargo Barge Tow Smatl 423,895.16 75,815.64 32,568.52 532,279.32
Tanker Barge Tow Large 13,014.29 3,947.11 3,351.51 20,312.91
Tanker Barge Tow Small 111,640.25 11,488.55 20,836.54 143,765.34
Tug/Tow Boat Small 1,903.85 465.46 1,886.49 4,255.80
Totals 1,355,703.00 201,843.40 333,967.15 1,891,513.55
Note : In Counts, 0.0C equats 0.0000000; .00 represents a number less than 1 and greater
than 0.00000C) rounded o two decimal places. Counts totals were calculated before
rounding.

LT=-27




Appendix L  Znne 12 Long Island Sound, NY/CT 7/29/91

TABLE 14 Avoided Cargo Damage/Loss 1996 - 2010
Vessel Type Size Collision Ramming Grounding Tatal
Candidate VTS Design - Counts
Passenger Small .06 .01 .04 .11
Ory Cargo Lerge .01 .00 .01 .03
Dry Cargo Medium .03 .01 .01 .05
Dry Cargo Small 1.01 .12 .17 1.30
Tanker Large .03 .0 .02 .07
Tanker Medium .01 .00 .00 .01
Tanker Smatt .02 0.00 .01 .03
Dry Cargo Tow Small 1.35 NAA .26 2.05
Tanker Tow Large .01 .00 .01 .02
Tanker Tow Small .29 .05 .10 RAA
Tug/Tow Boat Small .01 .00 .01 .02
Totals 2.83 .65 .63 4.1
Candidate VTS Design - Dotlars
Passenger Smal l 211.83 28.51 154.54 394.88
Dry Cargo Large 152.39 43.13 26.04 221.56
Dry Cargo Medium 352.8¢4 94.57 19.36 466.77
Dry Cargo Small 2,341.65 250.85 507.02 3,099.52
Tanker Large 2,267.90 623.51 3,748.27 6,639.68
Tanker Medium 87.68 10.10 27.00 124.79
Tanker Small 64.01 0.00 47.18 111.18
Tanker Tow Large 3,180.74 1,753.94 2,902.54 7,837.22
Tanker Tow Smal t 27,710.96 5,127.07 8,916.78 41,754 .82
Tug/Tow Boat Smal L 22.92 5.60 22.10 50.62
Totals 36,392.92 7,937.28 16,370.84 60,701.04

Nate!: ODotlar values include bulk petroleum and chemical cargos only and ail vessel fuels
spilled. Dollar values exclude cargo loss/damage for non-tank vessel types.

Note2: In Counts, 0.00 eguals 0.000C000; .00 represents a number less than 1 and gieater

than 0.0000000 rounded to two decimal places. Caunts totals were catlculated befcore
rounding
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Appendix t  Zone 12 Long Island Sound, NY/CT 7/26/91
TABLE 15 Avoided NavAid Damage 1996 - 2010
Vessel Type Size Collision Ramming Grounding Total
Candidate VIS Design - Counts
Passenger Small 0.00 .01 .00 .0
Dry Cargo Large 0.00 .00 .00 .00
Ory Cargo Medium 0.00 .00 .00 .00
Dry Cargo Small 0.00 .05 .00 .05
Tanker Large 0.00 .00 .00 .01
Tanker Medium 0.00 .00 .00 .00
Tanker Smail 0.00 0.00 .00 .00
Ory Cargo Barge Tow Smat l 0.00 .35 .03 .38
Tanker Barge Tow Large 0.00 .01 .00 .01
Tanker Barge Tow Small 0.00 .04 .01 .05
Tug/Tow Boat Small 0.00 .01 .00 .01
Totals 0.00 47 .05 .52
Candidate VTS Design - Dollars
Passenger Smalt 0.00 32.06 13.74 45.80
Dry Cargo Large 0.00 6.98 3.16 10.14
Dry Cargo Medium 0.00 15.31 2.35 17.66
Dry Cargo Small 0.00 269.75 27.14 296.89
Tanker Large 0.00 22.19 8.20 30.39
Tanker Medium 0.00 1.60 .65 2.24
Tanker Small 0.00 0.00 3.33 3.33
Dry Cargo Barge Tow Smal 0.00 1,995.03 148.79 2,143.82
Tanker Barge Tow Large 8.00 31.28 2.71 33.99
Tanker Barge Tow Small 0.00 247,45 53.58 301.03
Tug/Tow Boat Smal l 0.00 37.09 4.97 42.06
Totals 0.00 2,658.74 268.62 2,927.36
Note @ In Conete O 00 eqeals UUOOLO00S 00 repreents a number Less than 1 and areater
than 0.000315% raunded to two dectmal place o Countoe tatals were oo aiatod betry
rounding.

[.T-29




Appendix L 2one 12 Long Island Sound, NY/CT 7/26/°1%

TABLE 16 Avoided Bridge Damage 1996 - 2010
Vessel Type Size Collision Ramming Grounding Total
Candidate VTS Design -  Counts
Passenger Small .00 .00 0.00 .00
Dry Cargo Large 0.00 .00 0.00 .00
Dry Cargo Medium 0.00 .00 0.00 .00
Dry Cargo Small .00 .02 0.00 .02
Tanker Large 0.00 .00 0.00 .00
Tanker Medium 0.00 .00 0.00 .00
Tanke Smal l .00 0.00 0.00 .00
Dry Cargo Barge Tow Smal l .01 11 0.00 .12
Tanker Barge Tow Large 0.00 .01 0.00 .01
Tanker Barge Tow Smal l .00 .01 0.00 .02
Tug/Tow Boat Smal l .00 .00 0.00 .00
Totals .01 .16 0.00 7
Candidate VTS Design - Dollars
Passenger small 762.264 5,932.84 0.00 6,695.08
Dry Cargo Large 0.00 2,254.32 0.00 2,254.32
Dry Cargo Medium 0.00 4,938.66 0.00 4,938.66
Dry Cargo Small 5,578.53 33,051.86 0.00 38,630.39
Tanker Large 0.00 7,133.13 0.00 7,133.13
Tanker Medium 0.00 513.89 .00 513.89
Tanker Small 162.78 0.00 0.00 162.78
Dry Cargo Barge Tow Small 14,290.12 225,423.84 0.00 239,713.96
Tanker Barge Tow Large 0.00 10,127.39 0.00 10,127.39
Tanker Barge Tow Smatl 3,033.83 27,620.26 0.00 30,654.09
Tug/Tow Boat Small 331.75 5,866.23 0.00 6,197.98
Totals 24,159.25 322,862.42 0.00 347,021.67
Note : In Counts, 0.00 equals 0.0C000C0; .00 represents a number less ti.an 1 and greater
than 0.000N0C3 rounded to two decimal places. Counts totals were calculated before

rounding.
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Appendix L Ione 12 Long Island Sound, NY/CT
TABLE 17 Avoided Hazardous Commodity Spills 1996 - 2010 7/30/9

1

Commodity Catastrophic targe Medium Small Tot

al

Candidate Vts Design - Counts

ALCOHOLS .00 00 00 .00 .00
KEROSENE .00 00 00 .00 .00
JET FUEL .00 00 00 .00 .00
RESIDUAL FUEL OIL .00 o0 05 .07 2
GASOLINE, INCL NATURAL .00 o) 01 .00 .02
DISTILLATE FUEL OIL .0 09 23 .87 1.20

.02 N .28 .94 1.35

Note: In Counts, 0.00 equals 0.0000000, .00 represents a number less
than 1 and greater than 0.0000000 rounded to two decimal places.
Counts totals were calculated before rounding.
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Appendix L Zone 12 Long Island Sound, NY/CT
TABLE 18A Annual Benefit & Cost Streams 7/31/91
Candidate VTS Systems

Discounted to 1933

Operation &

Year Investment Maintenance Benefits

($1,000) ($1,000) ($1,000)
1993 5,706 0 0
1996 0 404 772
1997 0 367 709
1998 0 334 651
1999 0 303 598
2000 0 276 550
2001 0 251 505
2002 0 228 464
2003 0 207 426
2004 0 188 392
2005 0 171 360
2006 0 156 331
2007 (o} 142 304
2008 0 129 280
2009 0 117 257
2010 0 106 237
5,706 3,378 6,837

Undiscounted
Operation &

Year Investment Maintenance Benefits

($1,000) ($1,000) (S$1,000)
1993 5,706 0 0
1996 0 513 981
1997 0 513 991
1938 0 513 1,001
1999 0 513 1,011
2000 o] 513 1,022
2001 0 513 1,033
2002 0 513 1,044
2003 0 513 1,055
2004 0 513 1,067
200% 0 513 1,079
2006 0 513 1,091
2007 0 513 1,103
2008 0 513 1,116
2009 0 513 1,129
2010 0 513 1,143
5,706 7,69% 15,867
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APPENDIX L
ZONE 12 - LONG ISLAND SOUND, NY

STUDY SUB-20ME MARINE SPECIES ABUNDANCE - INPUT DATA FOR NRDAM/CME MODEL

Wildlife Abundance Tables
Fish & Shellfish

Long Island Sound (Port 12) Grams per Square Meter
Port & Species Species Species Spring Summer Fatl Winter
Subzone Category Code Name Apr-Jun  Jul-Sep Oct-Dec Jan-Mar

1201 101 1 American Shad .0043 .0043 .0043 .0043
1201 101 2 Alewife .2100 .2100 .2100 .2100
1201 102 3 Att.Menhaden 5.5000 5.5000 5.5000 0.0000
1201 102 4 Atl.Herring 3919 0.0000 0.0000 .3919
1201 102 5 Butterfish .3036 .3036 .3036 .3036
1201 102 7 Atlantic Mackerel 2.9000 2.9000 2.9000 2.9000
1201 102 32 King Mackerel .0190 .0370 .0190 0.0000
1201 102 44 Striped Mullet .0480 .0480 .0480 .0480
1201 102 127 Silversides 4.0000 5.0000 7.8000 7.8000
1201 103 8 Bluefish 0.0000 2.7419 2.7419 0.0000
1201 103 9 Striped Bass .0047 .4700 .0094 .0094
1201 103 10 Monkfish .0770 .0770 .0770 .0770
1201 103 1" Weakfish 0.0000 2.3503 2.3503 0.0000
1201 104 13 Swordfish .0330 .0330 .0330 .0330
1en 104 14 Shark .0041 .0041 .0041 .0041
1zNn 104 15 Dogfish .9900 .9900 .9900 .9900
1201 105 16 Yellowtail Flounder 1.6655 1.6655 0.0000 0.0000
1201 105 17 Summer Flounder .0940 .0940 .094y .0940
1201 105 20 Winter Flounder 1.8614 1.8614 1.8614 1.8614
1201 105 251 Windowpane Flounder 1.4695 1.4695 0.0000 0.0000
1201 106 25 Red Hake L1959 L1959 L1959 L1959
1201 106 27 Scup 0.0000 .1958 .1958 0.0000
1201 106 28 Tilefish .0330 .0330 .0330 .0330
1201 106 29 Black Sea Bass .0300 .0300 .0300 .0300
1201 106 35 Croaker .0470 .0470 .0470 .0470
1201 106 109 Long Horned Sculpin 3.0370 0.0000 0.0000 3.0370
1201 106 116 Little Skate 7.2497 7.2497 7.2497 4.2497
1201 106 116 Winter Skate 8.8173 0.0000 0.0000 8.8173
1201 106 199 Other 0.0000 15.0498 33.0995 15.0498
1201 106 254 Ocean Pout . 1959 L1959 L1959 L1959
1201 107 201 Surf Clam 1.2000 1.2000 1.2000 1.2000
1201 107 202 Quahog 7.2000 7.2000 7.2000 7.2000
1201 107 203 Atlantic Sea Scallop .0600 .0600 .0600 .0600
1201 107 299 Other Invertebrates .0480 .0480 .0480 .0480
1201 108 204 American Lobster L1959 L1959 . 1959 L1959
1201 108 206 Red Crab .2300 .2300 .2300 .2300
1201 109 207 tong Fin Squid .6200 2.6440 2.6440 .6200
1202 101 1 American Shad .0043 .0043 .0043 .0043
1202 101 2 Alewife .2100 .2100 .2100 .2100
1202 102 3 Atl .Menhaden 5.5000 5.5000 5.5000 0.0000
1202 102 4 Atl.Herring .3919 0.0000 0.0000 .3919
1202 102 5 Butterfish .3036 .3036 .3036 .3036
1202 102 7 Atlantic Mackerel 2.9000 2.9000 2.9000 2.9000
1202 102 32 King Mackerel .0190 .0370 .0190 0.0000
1202 102 44 Striped Mullet .0480 .0480 .0480 .0480
1202 102 127 Silversides 4.0000 5.0000 7.8000 7.8000
1202 103 8 Bluefish 0.0000 2.7419 2.7419 0.0000
1202 103 9 Striped Bass .0047 .4700 .0094 . 0094
1202 103 10 Monk fish .0770 .0770 .0770 .0770
1262 103 1 Weakfish 0.0000 2.3503 2.3503 0.0000
1202 104 13 Swordfish .0330 .0330 .0330 .0330
1202 104 14 Shark 0041 .0041 L0041 .0041
1202 104 15 Dogfish .9900 .9900 L9900 .9900
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APPENDIX L

ZONE 12 - LONG ISLAND SOUND, NY (Cont.)

STUDY SUB-20NE MARINE SPECIES ABUNDANCE - INPUT DATA FOR NRDAM/CME MODEL

Wildlife Abundance Tables
Fish & shellfish

Long Island Sound (Port 12) Grams per Square Meter

Port & Species Species Species Spring Summer Falt winter

Subzone Category Code Name Apr-Jun  Jul-Sep Oct-Dec Jan-Mar
1202 105 16 Yellowtail Flounder 1.6655 1.6655 0.0000 0.0000
1202 105 17 Summer Flounder .0940 .0940 .0940 .0940
1202 105 20 Winter Flounder 1.8614 1.8614 1.8614 1.8614
1202 105 251 Windowpane Flounder 1.4695 1.4695 0.0000 0.0000
1202 106 25 Red Hake L1959 L1959 . 1959 L1959
1202 106 27 Scup 0.0000 .1958 .1958 0.0000
1202 106 28 Tilefish .0330 .0330 .0330 .0330
1202 106 29 Black Sea Bass .0300 .0300 .0300 .0300
1202 106 35 Croaker L0470 .0470 .0470 L0670
1202 106 109 Long Horned Sculpin 3.0370 0.0000 0.0000 3.0370
1202 106 116 Little Skate 7.2497 7.2497 7.2497 4.2497
1202 106 116 Winter Skate 8.8173 0.0000 0.0000 8.8173
1202 106 199 Other 0.0000 15.0498 33.0995 15.0498
1202 106 254 Ocean Pout L1959 L1959 .1959 L1959
1202 107 201 Surf Ctam 1.2000 1.2000 1.2000 1.2000
1202 107 202 Quahog 7.2000 7.2000 7.2000 7.2000
1202 107 203 Atlantic Sea Scallop .0600 .0600 .0600 .0600
1202 107 299 Other lnvertebrates .0480 .0480 .0480 .0480
1202 108 204 American Lobster . 1959 L1959 L1959 L1959
1202 108 206 Red Crab .2300 .2300 .2300 .2300
1202 109 207 Long Fin Squid .6200 2.6440 2.6440 .6200
1203 101 1 American Shad .1200 .0580 0.0000 .0580
1203 101 2 Alewife .4100 .4100 .4100 .4100
1203 101 31 Hickory Shad .0120 .0060 0.0000 .0060
1203 102 3 Menhaden 22.1000 22.4000 11.2000 0.0000
1203 102 4 Atlantic Herring .0010 .0010 .0010 .0010
1203 10¢ 7 Atlantic Mackerel .0040 0.0000 0.0000 0040
1203 102 32 King Mackerel .0030 0.0000 0.0000 0030
1203 102 33 Spanish Mackerel .0210 5.0000 0.0000 .0210
1203 102 34 Harvestfish .0010 .0010 .0010 .0010
1203 103 8 Bluefish .2700 .3200 .3200 0.0000
1203 103 9 Striped Bass .2600 .4700 .6200 .4200
1203 103 1 Weakfish .3100 .2100 .3100 .0070
1203 105 17 Summer Flounder .0280 .0280 .0280 .0280
1203 105 18 American Plaice .0170 .0090 .0090 .0100
1203 105 20 Winter Flounder 6.4585 6.4585 6.4585 6.4585
1203 106 24 Silver Hake .0010 .0010 .0010 .0010
1203 106 25 Red Hake .0040 .0020 .0030 .0030
1203 106 26 white Hake .0090 .0140 .0050 0.0000
1203 106 29 Black Sea Bass .0010 .0010 .0010 .0010
1203 106 35 Atlantic Croaker .3700 .3700 .3700 0.0000
1203 106 36 Drum .0020 .0020 .0020 0.0000
1203 106 37 Spot .0960 .0490 0.0000 . 0490
1203 106 38 Yellow Perch .0020 .0020 .0020 .0020
1203 106 39 Carp .0250 .0250 .0250 .0250
1203 106 40 Eel L1400 . 1400 . 1400 . 1400
1203 106 199 Other .7800 .7800 . 7800 .7800
1203 107 21 Soft Clam L1700 L1700 L1700 .1700
1203 107 212 Oyster 1.9000 1.9000 1.9000 1.9000
1203 107 213 Hard Clam .0800 L0800 .0800 .080C
1203 107 214 Conch . 0660 L0660 L0660 . 0660
1203 108 204 American Lobster 2.5543 2.5543 2.5543 2.5543
1203 108 209 Hard Blue Crab 4.1000 4.1000 4.1000 4.104J0
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APPENDIX L
ZONE 12 - LONG ISLAND SOUND, NY (Cont.)

STUDY SUB-ZONE MARINE SPECIES ABUNDANCE - [NPUT DATA FOR NRDAM/CME MOOEL

Wildlife Abundance Tables
Fish & Shellfish

Long Island Sound (Port 12) Grams per Square Meter

Port & Species Species Species Spring Summer Fall Winter

Subzone Category Code Name Apr-Jdun  Jul-Sep Oct-Dec Jan-Mar
1203 108 210 Soft Blue Crab .2000 .2000 0.0000 0.0000
1203 109 207 Squid .0280 .1500 . 1300 0.0000
1204 101 1 American Shad .1200 .0580 0.0000 .0580
1204 101 2 Alewife .4100 .4100 .4100 .4100
1204 101 31 Hickory Shad .0120 .0060 0.0000 .0060
1204 102 3 Menhaden 22.1000 22.4000 11.2000 0.0000
1204 102 4 Atlantic Herring .0010 .0010 .0010 .0010
1204 102 7 Atlantic Mackerel .0040 0.0000 0.0000 0040
1204 102 32 King Mackerel .0030 0.0000 0.0000 0030
1204 102 33 Spanish Mackerel .0210 0.0000 0.0000 .0210
1204 102 34 Harvestfish .0010 .0010 .0010 .0010
1204 103 8 8luefish .2700 .3200 .3200 0.0000
1204 103 9 Striped Bass .2600 .4700 .4200 .4200
1204 103 1" Weakfish .3100 .3100 .3100 .0070
1204 105 17 Summer Flounder .0280 .0280 .0280 .0280
1204 105 18 American Plaice .0170 .0090 .0090 .0100
12064 105 20 Winter Flounder 6.4585 6.4585 6.4585 6.4585
1204 106 cé Silver Hake .0010 .0010 .0010 .0010
1204 106 25 Red Hake .0040 .0020 .0030 .0030
1204 106 26 white Hake .0090 .0140 .0050 0.0000
1204 106 29 Btack Sea Bass .0010 .0010 .0010 .0010
1204 106 35 Atlantic Croaker .3700 .3700 .3700 0.0000
1204 106 36 Drum .0020 .0020 .0020 0.0000
1204 106 37 Spot .0960 .0490 0.0000 .0490
1204 106 38 Yellow Perch .0020 .0020 .0020 .0020
1204 106 39 Carp .0250 .0250 .0250 .0250
1204 106 40 Eel .1400 . 1400 .1400 .1400
1204 106 199 Other .7800 .7800 .7800 .7800
1204 107 21 Soft Clam .1700 .1700 .1700 .1700
1204 107 212 Oyster 1.9000 1.9000 1.9000 1.9000
1204 107 213 Hard Clam .0800 .0800 .0800 .0800
1204 107 214 Conch .0660 .0660 .0660 .0660
1204 108 204 American Lobster 2.5543 2.5543 2.5543 2.5543
1204 108 209 Hard Blue Crab 4.1000 4.1000 4.1000 4.1000
1204 108 210 Soft Blue Crab .2000 .2000 0.0000 0.0000
1204 109 207 Squid .0280 .1500 .1300 0.0000
1205 101 1 American Shad .1200 .0580 0.0000 .0580
1205 101 2 Alewife .4100 .4100 .4100 .4100
1205 101 31 Hickory Shad .0120 .0060 0.0000 .0060
1205 102 3 Menhaden 22.1000 22.4000 11.2000 0.0000
1205 102 4 Atlantic Herring .0010 .0010 .0010 .0010
1205 102 7 Atlantic Mackerel .0040 0.0000 0.0000 .0040
1205 102 32 King Mackerel .0030 0.0000 0.0000 .0030
1205 102 33 Spanish Mackerel .0210 0.0000 0.0000 .0210
1205 102 34 Harvestfish .0010 .0010 .0010 .0010
1205 103 8 Bluefish .2700 .3200 .3200 0.0000
1205 103 9 Striped Bass .2600 L4700 .4200 L4200
1205 103 11 Weak fish .3100 .3100 .3100 .0070
1205 105 17 Summer flounder .0280 .0280 .0280 .0280
1205 105 18 American Plaice .0170 .0090 .0090 .0100
1205 105 20 Wwinter flounder 6.4585 6.4585 6.4585 6.4585
1205 106 26 Silver Hake .0010 .0010 .0010 .0010
1205 106 25 Red Hake .0040 .0020 .0030 .0030
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APPENDIX L
ZONE 12 - LONG ISLAND SOUND, NY (Cont.)

STUDY SUB-Z2ONE MARINE SPECIES ABUNDANCE - INPUT DATA FOR NRDAM/CME MODEL

Wildlife Abundance Tables
Fish & Shellfish

Long Island Sound (Port 12) Grams per Square Meter
Port & Species Species Species Spring Summer Fatl Winter
Subzone Category Code Name Apr-Jdun  Jul-Sep Oct-Dec  Jan-Mar

1205 106 26 wWhite Hake .0090 L0149 .0050 0.0000
1205 106 29 Black Sea Bass .0010 .0010 .0010 .0010
1205 106 35 Atlantic Croaker .3700 .3700 .3700 0.0000
1205 106 36 Orum .0020 .0020 .0020 0.0c00
1205 106 37 Spot .0960 .0490 0.0000 .0490
1205 106 38 Yellow Perch .0020 .0020 .0020 .0020
1205 106 39 Carp .0250 .0250 .0250 .0250
1205 106 40 Eel .1400 L1400 . 1400 . 1400
1205 106 199 Other .7800 .7800 .7800 .7800
1205 107 211 Soft Clam .1700 L1700 .1700 L1700
1205 107 212 Oyster 1.9000 1.9000 1.9000 1.9000
1205 107 213 Hard Clam .0800 .0800 .0800 .0800
1205 107 214 Conch . 0660 . 0660 .0660 .0660
1205 108 204 American Lobster 2.5543 2.5543 2.5543 2.5543
1205 108 209 Hard Blue Crab 4.1000 4.1000 4.1000 4.1000
1205 108 210 Soft Blue Crab .2000 .2000 0.0000 0.0000
1205 109 207 Squid .0280 . 1500 .130C 0.0000
1206 101 1 American Shad .1200 .5800 0.0000 .0580
1266 101 2 Alewife .4100 .4100 L4100 .4100
1206 101 31 Hickory Shad .0120 .0060 0.0000 .0060
1206 102 3 Menhaden 21.1000 22.4000 11.2000 0.0000
1206 102 4 Atlantic Herring .0010 .0010 .0010 .0G10
1206 102 7 Atlantic Mackerel .0040 0.0000 0.0000 .0040
1206 102 32 King Mackerel .0030 0.0000 0.0000 .0030
1206 102 33 Spanish Mackerel .0210 0.0000 0.0000 L0211
1206 102 34 Harvestfish .0010 .0010 .0010 .0010
1206 103 8 Bluefish .2700 .3200 .3200 0.0000
1206 103 9 Striped Bass .2600 L4700 .4200 .4200
1206 103 1" weakfish .3100 .3100 .3100 .0070
1206 106 24 Silver Hake .0010 .0010 .0010 .0010
1206 106 25 Red Hake .0040 .0020 .0030 .0030
1206 106 26 White Hake .0090 .0140 .0050 0.0000
1206 106 29 Black Sea Bass .0010 .0010 .0010 .0010
1206 106 35 Atlantic Croaker .3700 .3700 .3700 0.0000
1206 106 36 Drum .0020 .0020 .0020 0.0000
1206 106 37 Spot L0960 L0490 0.0000 L0490
1206 106 38 Yellow Perch .0020 .0020 .0020 .0020
1206 106 39 Carp .6250 .0250 .0250 .0250
1206 106 40 Eetl L1400 L1400 L1400 .1400
1206 106 67 Tautaug 1.1000 1.1000 1.1000 1.1000
1206 106 199 Other . 7800 . 7800 .7800 .7800
1206 107 212 Oyster 1.9000 1.9000 1.9000 1.9000
1206 107 PATA Conch .0660 .0660 L0660 .0660
1206 108 209 Hard Blue Crab 4.1000 4.10CC 4.1000 4.1000
1206 108 210 Soft Blue Crab .2000 .2000 0.0000 0.0000
1206 109 207 Squid L0280 L1500 L1300 0.0000
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APPENDIX L
20NE 12 - LONG ISLAND SOUND, NY (Cont.)

STUDY SUB-ZONE MARINE SPECIES ABUNDANCE - INPUT DATA FOR NRDAM/CME MODEL

Wildlife Abundance Tables
Fish & Shellfish Larvae

Long Island Sound (Port 12) Numbers per Square Meter
Port & Species Species Species Spring Sumuer Fall Winter
Subzone Category Code Name Apr-Jun  Jul-Sep Oct-Dec Jan-Mar

1201 202 1003 Atlantic Menhaden 0.0000 0.0000 0.0000 5.5000
1201 202 1004 Atlantic Herring 0.0000 0.0000 5000 .2000
1201 202 1005 Butterfish 0.0000 5.0000 0.0000 0.0000
1201 202 1007 Atlantic Mackerel 55.0000 0.0000 0.0000 0.0000
1201 202 1043 Anchovy 0.0000 10.0000 0.0000 0.0000
1201 202 1110 Sand Lance 5.0000 0.0000 5.0000 55.0000
1201 203 1199 Larvae .0110 .1900 .0054 0.0000
1201 205 1016 Yellow Tail Flounder 5.5000 0.0000 0.0000 0.0000
1201 205 1017 Summer Flounder 0.0000 0.0000 2.5000 0.0000
1201 205 1019 Witchflounder .5000 0.0000 0.0000 0.0000
1201 205 1251 Four Spot Flounder 1.6500 1.6500 1.6500 0.0000
1201 205 1251 Gulf Stream Flounder 0.0000 1.0000 0.0000 0.0000
1201 205 1251 Windowpane 0.0000 5.0000 5.0000 0.0000
1201 206 1021 Atlantic Cod .5000 0.0000 0.0000 0.0000
1201 206 1022 Haddock .5000 0.0000 0.0000 0.0000
1201 206 1024 Silver Hake 10.0000 5.0000 0.0000 0.0000
1201 206 1025 Hakes 0.0000 5.0000 0.0000 0.0000
1201 276 1027 Scup 0.0000 .2900 .2900 0.0000
1201 206 1040 Cusk Eel .3400 .3400 .3400 0.0000
1201 206 1112 Seasnail .2300 .2300 .2300 0.0000
1201 206 1255 Conner 0.0000 55.0000 0.0000 0.0000
1201 2T 1199 Larvae 2.0000 29.0000 2.0000 0.0000
1201 208 1204 Lobster 0.0000 .0052 0.0000 0.000¢C
1202 202 1003 Menhaden L0667 1.3330 2.1667 0.0000
1202 202 1004 Herring 0.0000 0.0000 0.0000 .0638
1202 202 1043 Anchovy 0.0000 49.0833 L1667 0.0000
1202 202 1127 Silverside .0333 0.0000 0.0000 0.0000
1202 202 1128 Northern Searobin L1667 .2500 0.0000 0.0000
1202 203 1010 Monk fish .5000 .0833 L0617 0.0000
1202 203 101 Weakfish L6667 6667 0.0000 0.0000
1202 205 1016 Yellowtail Flounder .0750 0.0000 0.0000 0.0000
1200 205 1291 Four Spot Flounder 0.0000 0.0000 .0075 0.0000
1202 206 1027 Scup L1667 L1667 0.0000 0.0000
1202 205 1040 American Eel 0.0000 0.0000 0.0000 1667
1202 206 1109 Sculpin .2500 0.0000 0.0000 .0833
1202 206 1246 Narthern Pipefish .0833 .0833 0.0000 0.0000
1202 206 1252 Rockling L3917 0.0000 0.0000 0.0000
1202 04 1258 Cenner 0.0000 1.0000 L1667 0.0000
1202 207 1199 Larvae 2.0000 20.0000 2.0000 0.0000
1208 23 1199 Larvae L0016 .0042 0.0000 0.0000
1203 P 1063 Menhaden L0667 1.3330 2.1667 0.0000
12133 2o 1006 Herring 0.0GC0 0.0000 0.0000 .0438
1203 3 11043 Anchovy 0.0000 49.0833 1667 0.0000
1203 o 1110 Sand Lance 2.0000 0.0000 L4167 15.6875
12063 PV PRIV Sand tance 9.3406 0.0600  54.3976  88.7882
1203 207 1127 Silverside .0333 0.0000 0.0000 0.0000
12113 237 1128 Northern Searobin 1667 L2500 0.00600 0.0000
1203 63 '01C Monkt1sh .5000 .0833 L0617 0.0000
1203 262 10 Weak fish L6667 6667 0.0000 0.0000
1233 20¢ tite Yeliowtail Flounder L0750 0.0000 0.0000 0.0000
1203 2ne TSt Four Spot Fiounder 0.00090 0.c0o00 .0075 0.0000
1203 20 1027 Scup L1667 L1667 {.000C0 0.0000
*203 206 “lal American Eel 0.0000 0.006¢0 0.0000 L1667
1203 ots 109 Sculpn . S00 ¢.c0%0 0.0000 .0833
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APPENDIX L
ZONE 12 - LONG ISLAND SOUND, NY (Cont.)

STUDY SUB-ZONE MARINE SPECIES ABUNDANCE - INPUT DATA FOR NRDAM/CME MOOEL

Wildlife Abundance Tables
Fish & Shellfish Larvae

Long lsland Sound (Port 12) Numbers per Square Meter
Port & Species Species Species Spring Summer Fall Winter
Subzone Category Code Name Apr-Jun  Jul-Sep Oct-Dec Jan-Mar

1203 206 1244 Northern Pipefish .0833 .0833 0.0000 0.0000
1203 206 1252 Rockling L3917 0.0000 0.0000 0.0000
1203 206 1255 Conner 0.0000 1.0000 L1667 0.0000
1203 207 1199 Larvae 2.0000 20.0000 2.0000 0.0000
1203 208 1199 Larvae .0016 .0042 0.0000 0.0000
1204 202 1199 Larvae .1900 .8100 .8100 .2200
1204 203 1199 Larvae .0110 .1900 .0054 0.0000
1204 205 1199 Larvae 1.1000 .6600 .3600 .0040
1204 206 1199 Larvae .0270 .4700 1.0400 .0200
1204 207 1199 Larvae 2.0000 20.0000 2.0000 0.0000
1204 208 1199 Larvae .0016 .0042 0.0000 0.0000
1205 202 1199 Larvae .1900 .8100 .8100 .2200
1205 203 1199 Larvae .0110 .1900 .0054 0.0000
1205 205 1199 tarvae 1.1000 .6600 .3600 .0040
1205 206 1199 Larvae .0270 .4700 1.0400 0200
1205 207 1199 Larvae 2.0000 20.0000 2.0000 0.0000
1205 208 1199 Larvae .0016 .0042 0.0000 0.0000
1206 202 1199 Larvae .1900 .8100 .8100 .2200
1206 203 1199 Larvae L0110 .1900 .005¢4 0.0000
1206 205 1199 Larvae 1.1000 .6600 .3600 .0040
1206 206 1199 Larvae .0270 L6700 1.0400 0200
1206 207 1199 Larvae 2.0000  20.0000 2.0000 0.0000
1206 208 1199 Larvae .0016 L0042 0.0000 0.0000
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APPENDIX L
ZONE 12 - LONG ISLAND SOUND, NY (Cont.)

STUDY SUB-ZONE MARINE SPECIES ABUNDANCE - INPUT DATA FOR NRDAM/CME MODEL

Wildlife Abundance Tables

Birds
Long Island Sound (Port 12) Numbers per Square Kilometer
Port & Species Species Species Spring Summer Fall Winter
Subzone Category Code Name Apr-Jdun  Jul-Sep Oct-Dec  Jan-Mar

1201 m 514 Swans 0.0000 0.0000 0.0000 .0157
1201 111 517 Common Loon .0600 0.0000 .0200 .0200
1201 1M1 517 Loons .0800 0.0000 .0300 .0200
1201 111 517 Red Throated Loon .0200 0.0000 .0100 0.0000
1201 m 537 Storm Petrels 1.0600 5.7400 .0200 0.0000
1201 112 571 Sandpiper,Plover,Turnstone .0002 0.0000 0.0000 0354
1201 112 572 Oystercatcher,Avocet,Stilt 0.0000 .0001 0.0000 0.0000
1201 113 530 Cormorant 7.2932 10.4188 0.0000 0.0000
1201 113 531 Gulls 8.8900 .8300 4.2300 8.7300
1201 113 531 Herring Gulls 39.3518  24.0741  41.6667 94.4400
1201 113 531 Laughing Gulls 0.0000 .2778 1.2500 L2778
1201 113 531 Ring Bitled Gulls 2.5463 .9259 2.2685 2.7778
1201 113 532 Black Legged Kittiwake .3200 0.0000 .5000 1.1100
1201 113 533 Terns . 1900 .0200 .0100 0.0000
1201 113 534 Audubons Shearwater 0.0000 L0500 .0100 0.0000
1201 113 534 Cory's Shearwater .0100 2.0000 L4400 0.0000
1201 113 534 Greater Shearwater .2400 2.8100 4.,0900 .0100
1201 113 534 Manx Sherwater 0.0000 .0100 .0100 0.0000
1201 113 534 Sooty Shearwater .1300 .6300 .0100 .0100
1201 113 535 Other Jaeger .0100 .0100 .0200 .0100
1201 113 535 Parasitic Jaeger 0.0000 0.0000 .0100 0.0000
1201 113 535 Pomarine Jaeger 0.0000 .0200 .1200 .0100
1201 113 535 Skua .0100 .0100 .0100 .0100
1201 113 536 Northern Fulmar .9100 .0100 .0700 2.8100
1201 113 537 White Faced Storm Petrel 0.0000 0.0000 .0100 0.0000
1201 113 538 Dovekie .0100 0.0000 0.0000 .0100
1201 13 538 Large Alcid .0500 0.0000 .0100 .0700
1201 113 538 Murre .0100 0.0000 0.0000 .0400
1201 113 538 Razorbi il .0500 0.0000 0.0000 .1600
1201 113 540 Atlantic Puffin .0100 .0100 0.0000 0.0000
1201 113 542 Other Phalarope .0700 .0200 .0100 0.0000
1201 13 542 Red Necked Phalarope 0.0000 .0100 0.0000 0.0000
1201 113 5642 Red Phalarope .9200 .0400 .4800 0.0000
1201 113 543 Albatross 0.0000 .0100 0.0000 0.0000
1201 13 547 Northern Gannet 1.1800 .0100 .3300 1.6000
1201 114 583 Hawks 0.0000 0.0000 0.0000 .0010
1201 14 584 Owls 0.0000 0.0000 0.0000 L0010
1202 11 s Dabbting Ducks 276.1296 847.1110 1243.8778 240.7222
1202 1M1 513 Geese .5209 0.0000 0.0000 0.0000
1202 m 514 Swans 0.0000 0.0000 0.0000 L0157
1202 11 517 Common Loon .0600 0.0000 .0200 .0200
1202 M 517 Loons .0800 0.0000 .0300 .0200
1202 m 517 Red Throated Loon .0200 0.00090 .0100 0.0000
1202 111 537 Storm Petrels 1.0600 5.7400 .0200 0.0000
1202 112 571 Sandpiper,Plover, Tyrnstone .0002 0.0000 0.0000 .0354
*202 112 572 Oystercatcher,Avccet,Stilt 0.0000 .0001 0.0000 0.0000
1202 113 530 Cormorant 7.2932 10.4188 0.0000 0.0000
1202 113 531 Gulls 8.8900 .8300 4.2300 8.7300
1202 113 531 Herring Gulls 39.3518  24.0741  41.6667  94.4400
1202 13 531 Laughing Gulls 0.0000 .2778 1.2500 .2778
1202 13 531 Ring Billed Gulls 2.5483 .9259 2.2685 2.7778
1202 113 532 Black Legged Kittiwake .3200 0.0000 .5000 1.1100
1202 113 533 Terns L1900 .0200 .0100 0.0000
1202 113 534 Audubans Shearwater 0.0000 .0500 .0100 0.0000
1202 113 534 Cory's Shearwater .0100 2.0000 L6400 0.0000
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STUDY SUB-ZONE MARINE SPECIES ABUNDANCE - INPUT DAT/ FOR NRDAM/CME MODEL

Wildlife Abundance Tables

Birds
Long Isiand Sound (Port 12) Numbers per Square Kilometer
Port & Species Species Species Spring Summer Fall Winter
Subzone Category Code Name Apr-Jun Jul-Sep  Oct-Dec Jan-Mar

1202 13 534 Greater Shearwater .2400 2.8%00 4.0900 .0100
1202 113 534 Manx Sherwater 0.0000 .G100 .0100 0.0000
1202 13 534 Sooty Shearwater L1300 L6300 .0100 .0100
1202 113 535 Other Jaeger .0100 .0100 .0200 .0100
1202 113 535 Parasitic Jaeger 0.0000 0.0009 .0100 0.0000
1202 113 535 Pomarine Jaeger 0.0000 .0200 .1200 .0100
1202 113 535 Skua .0100 .0100 .0100 .0100
1202 113 536 Northern Fulmar .9100 .0100 .0700 2.8100
1202 13 537 White Faced Storm Petrel 0.0000 0.0000 .0100 0.0000
1202 113 538 Dovekie .0100 0.0000 0.0000 .0100
1202 113 538 Large Alcid .0500 0.0009 .0100 .0700
1202 113 538 Murre .0100 0.00090 0.0000 .0400
1202 13 538 Razorbill .0500 0.0000 0.0000 . 1600
1202 113 540 Atlantic Puffin .0100 .0100 0.0000 0.0000
1202 113 542 Other Phalarope .0700 .0200 .0100 0.0000
1202 113 542 Red Necked Phalarope 0.0000 .0100 0.0000 0.0000
1202 113 542 Red Phalarope .9200 .0400 L4800 0.0000
1202 113 543 Albatross 0.0000 .0100 0.0000 0.0000
1202 113 547 Northern Gannet 1.1800 .0100 .3300 1.6000
1202 114 583 Hawks 0.0000 0.0000 0.C000 .0010
1202 114 584 Owls 0.0000 0.0000 0.0000 .0010
1203 11 S Duck 160.0000 0.0000 160.0000 320.0000
1203 1M 512 Coot 1.6000 0.0009 1.6000 3.1000
1203 1 513 Goose 205.0000 0.0000 205.0000 410.0000
1203 M 514 Swan 20.0000 20.0003 20.0000  20.0000
1203 12 570 Shore Birds 376.0000 144.6000 94.8000 11.7000
1203 113 530 Sea Birds 20.3000 7.5000 8.1000 9.9000
1203 114 581 Osprey 10.4600 10.4600  10.4600  10.4600
1204 11 511 Duck 160.0000 0.0000 160.0000 320.0000
1204 11 512 Coot 1.6000 0.0000 1.6000 3.1000
1204 " 513 Goose 205.0000 0.0000 205.0000 410.0000
1204 11 514 Swan 20.0000 20.0000 20.0000 20.0000
1204 112 570 Shore Birds 376.0000 144.6090 94.8000 11.7000
1204 13 520 Sea Birds 20.3000 7.6000 8.1000 9.9000
1204 1146 581 Osprey 10.4600 10.4600  10.4600  10.4600
1205 11 511 Duck 160 00060 0.0000 160.0000 320.0000
1205 1M1 512 Coot 1.6000 0.0000 1.6000Q 3.1000
1205 11 513 Goose 205.0000 0.GN0JY  205.0000 410.0000
1205 11 sS4 Swan 20.0G00  26.0G00  20.0000 20.0000
1205 112 570 Shore Birds 376.0000 144.6000 94.8000 11.7000
1205 113 530 Sea Birds 20,3000 7.6009 8.1000 9.9000
1205 114 581 Osprey 15,4600 10,4607 10.4600 10.4600
1206 111 541 Duck 160.0000 0.5000 160.0000 320.0000
1206 1T s12 Cont 1.6000 C.0oon 1.600) 3.1000
1206 1M 513 Goose 205.0000 5.0000  205.0000 410.00600
12006 m 5% Swan 20,0000 20,6008 20.0060 20.0000
1206 e 570 Shore 8irds 3760000 144 6000 G4 8000 11.7000
1206 113 53¢ Sea Birds 2. 300 76000 8.1000 9.9000
1206 LARA s Qsprey 17 &€ 13,4600 10,4600 10.4600
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OVERVIEW

The Candidate VTS Design described in this appendix is one of 23
developed for all the study zones included in the study. This
appendix documents the task performed, under Contract DTRS-57-88-C-
00088 Technical Task Directive 13, as an integral part of the total
Port Needs Study. The ultimate product of this task effort is an
informed preliminary technical assessment of the approximate cost
to the Federal Government to implement and operate a state-of-the-
art VTS systemn. This appendix does not contain a comprehensive
definition of the VTS operating requirements nor does it propose a
final VTS specification suitable for implementation.

In order to consistently estimate the life cycle costs of a VTS
system in each of the study zones, a "Candidate VTS Design'" has
been defined for each study zone using a uniform set of design
criteria. Each study zone Candidate VTS Design is a composite of
generic modules selected from a master list of 18 state-of-the-art
surveillance modules, communications and display techaology. Among
the surveillance modules in the master list are several levels of
technical performance from which the selection is made for
application to each study subzone to address the local navigational

surveillance needs and conditions. The Candidate VTS Design in
each study zone represents a consistent application of the
surveillance modules at the subzone level. The subzone

survelillance technology is subsequently integrated into a total
system for the study zone via state-of-the-art communications and
display consoles at the Vessel Traffic Center (VTC) 1n each zone.

The application of the surveillance modules in each subzone
responds to the technical requirements of that subzone as perceived

by the study team. The Candidate VTS Design represents a
preliminary engineering judgement on the appropriate level of
technology in each subzone. The Candidate VTS Design may be

considered as an informed judgement made by the contractor study
team for the sole purpose of developing cost estimates that are
consistent across the 23 study zones and suitable for benefit/cost
comparisons among the study zones and initial budget planning and
implementation priorities. The approach used to calculate VTS
system costs for all 23 study zones 1is found in Volume 1IITI,
Technical Supplement.
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PORT OF PHILADELPHIA VT8 SURVEY

1.0 BSBCOPE

This report includes a port survey and a VTS design for the Port of
Philadelphia. The port survey is based on a review of all
pertinent 1literature including navigational charts. The

methodology used to produce the VTS design entails coupling the
problems identified in the port survey with solutions offered by
state-of-the-art technology as identified in the VTS Technology
Survey, November 1990. When possible, technological advances which
permit manpower reductions are applied. Not all VTS problems are
amenable to strictly technological solutions; some require changes
in procedures and/or enforcement. These situations are identified
where they occur.

2.0 PHILADELPHIA PORT SURVEY
2.1 INTRODUCTION

This survey report is based exclusively upon review of available
literature and examination of the charts for the area and its
approaches. The information thus gained has been evaluated and
interpreted based upon the Survey Team's experience as professional
mariners and in vessel traffic management systenms.

The Survey Area embraces the Port of Philadelphia consisting of
that portion of the Delaware River from Fort Mifflin on the south
to Poquessing Creek on the north (about 20 miles) and the Schuyl-
kill River within the municipality of Philadelphia. Philadelphia
is among the major ports of the United States, handling a sig-
nificant volume cf both general cargo and petrochemicals. As in
any narrow, busy, confined channel, the potential for multiship
incident is appreciable. Given that the entire Delaware and
Schuylkill Rivers area is environmentally sensitive the consequen-
ces of an incident can be substantial.

2.2 OVERVIEW OF THE PORT

Climate within the Survey Area is generally mild, with little or no
impact upon the movement of ships within the Study Area.

The diurnal tidal range is about 5.9 feet, with currents substan-
tially affected by river runoffs. Even at flood stages commercial
traffic in the rivers is little affected.

Entrance to the Port is via the Delaware or Schuylkill Rivers.
Both consist largely of improved channels. A federal project
provides for a channel 40 feet deep from the sea to the Philadel-
phia Naval Shipyard, thence a split-depth 37/40 feet channel to
Allegheny Avenue. From Allegheny Avenue to the U. S. Steel turning
basin opposite Newbold Avenue a depth of 40 feet is maintained and
above that to Trenton the channel is 25 feet. Actual dimensions
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and depths should be taken from the tabulations of the latest
charts.

Pilotage on the Delaware River is compulsory for all foreign-flag
ships and U. S.-flag ships under register in the foreign trade, and
optional for U. S.-flag ships in the coastwise trade with a
federally licensed pilot on board. Pilot service is provided by
the Pilots Association for the Bay and River of Delaware, the
Chesapeake and Interstate Pilots Association (federal pilots) and
the Interport Pilots Agency (federal pilots).

The Pilots Association for the Bay and River of Delaware board
inbound ships at the entrance to Delaware Bay. The pilot station
at Cape Henlopen and the pilot bcats guard VHF-FM channels 14 and
16, and the pilots themselves carry portable transceivers for CH13.

The Chesapeake and Interstate Pilots Association requires that
arrangements for pilotage be made at least 12 hours in advance.
The pilot boat guards CH16, beginning two hours in advance of sche-
duled arrival, and uses CH7 or CH1l4 as a working frequency.

The Interport Pilots Agency also requires advance arrangement.
They use the same pilot boat as the Chesapeake and Interstate
Pilots Association, and frequency arrangements are the same.

2.3 EXISTING TRAFFI( MANAGEMENT
2.3.1 Philadelphia Marine Exchange

The Philadeiphia Marine Exchange maintains a central port operation
and ship reporting service for the Port of Philadelphia, using VHF-
FM and visual reporting stations. Information as to position,
estimated time of arrival, docking and similar information can be
transmitted to and rereived from the Marine Exchange on VHF-FM
CH14.

2.3.2 Harbor Regulations

Local rules and regulations are enforced by the Navigation
Commission for the Deliaware River, and copies of the regulations
may be obtained from the Commission's office in Philadelphia.
G2nerally, the regulations focus on dockside procedures more than
on navigation and traffic management.

2.4 VESSEL TRAFYIC

The Center for Marine Conservation statistics for 1987 do not
highlight Philadelphia but combine its shippiny with that ¢f the
Greater Delaware River area. The Delaware River had 2443 tank ship
movements that year, and 5683 tank barge mov -menc {Reference 1).

No significant information about vessel movement statistics was
provided by the TSC Trip Report.
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2.5 ENVIROUNMENTAL SENSITIVITY

The entire Delaware and Schuylkill Rivers complex is considered

environmentally sensitive. A "worst case" scenario 1is one
involving tank rupture as the result of a collision with a tank
ship or barge. Unless containment is rapid and effective, the

pollutant will be carried throughout the lower river. Because of
its concentrated population, "worse case" in terms of human health
probably is an incident involving release of toxic chemicals or
gases.

2.6 PORT SUB-ZONES

The Study Area was examined to determine appropriate sub-zones,

using the methocdology based upon the "confined-complex", "open-
complex", "confined-simple" and "open-simple" system employed by
the Canadian VTS Study in 1984 (Reference 2). Briefly stated,

"open" and "confined" address the influence of geography upon a
ship's ability to maneuver; and "simple" vs "complex" is descrip-
tive of the nature of the interactions between ships within those
geographic areas. This basic matrix was overlaid by a subjective
assessment of appropriate traffic management/risk amelioration
measures in order to derive sub-zones within which VTS needs are
homogeneous, or nearly so.

2.6.1 8ub-Zone I -~ Lower Delaware River (NOAA Chart 12312)

The Sub-Zone consists of that portion of the Delaware River lying
southwestward of 75%°-19'w.

The sub-zone functions essentially as a data catchment area for
shipping entering the Philadelphia VTS Zone from the lower Delaware
River. The principal function of the VTS within the sub-zone is
thus to establish communications with inbound traffic and obtain
information about characteristics, intentions and movements.

The sub-zone is "confined-complex."

2.6.2 8ub-~Zone II -- Upper Delaware River (NOAA Chart 12314)

Th§ sub-zone consists of that portion of the Delaware River east of
747 -58'W.
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The sub-zone functions essentially as a data catchment area for
shipping entering the Philadelphia VTS Zone from the upper Delaware
River. The principal function of the VTS within the sub-zone is
thus to establish communications with inbound traffic and obtain
information about characteristics, intentions and movements.

The sub-zone is "confined-complex."

2.6.3 Bub-Zone III ~-- Philadelphia (NOAA Chart 12312, 12313 &
12314)

The sub-zone con51sts of the Delaware River between the boundary of
Sub-Zone I (75%°-19'W) and the boundary of Sub-Zone II (74° -58'W).
It includes the Schuylkill River to the University Avenue Bridge.

The sub-zone contains several anchorages which require management,
and traffic within the sub-zone is both heavy and diversified.
There are a number of bridge crossings and places where visibility
is obscured or limited by bends.

The sub-zone is "confined-complex."
2.7 PROBLEM AREA IDENTIFIERS (TABLE 2-1)

The Jjunction of the Schuylkill and Delaware Junctions can be a
point of congestion at which movement management advice is
required. The channel width makes navigational assistance
impractical but along-track movement is important to gueuing when
that is required.

3.0 PORT OF PHILADELPHIA VTS DESIGN
3.1 INTRODUCTION

A detailed survey of the Port of Philadelphia is the basis for this
design. An approach to costing VTS systems is outlined in Vol.
III, Technical Supplement and a method of categorizing surveillance
sensors into "modules" has also been developed. These modules are
defined in terms of cost and performance and are to be applied to
all VTS designs 1in this study. The applicability of Automatic
Dependent Surveillance (ADS) technology is also discussed in this
report. The three sub-zones defined in the harbor survey remain
the same.

The hardware and software selected for this design provide the
level of surveillance justified by the problems identified in each
sub-zone. A secondary consideration is to locate all VTS assets so
that they are sufficient for the sub-zone in question and can
contribute to adjoining sub-zones to achieve maximum usage. All
specific equipments are then selected based on perceived
surveillance requirements and overall VTS system architecture.




TABLE 2-1. PHILADELPHIA/DELAWARE BAY, PA
PROBLEM AREA IDENTIFIERS
r PAI | LOCATION PROBLEM MANAGEMENT
I Lower Delaware Data catchment area | Have Kknowledge of
River for inbound ship- vessel movements,
ping locations through
reporting. Enter in-
bound shipping infor-
mation into database.
11 Upper Delaware Data catchment area | Same As Above.
River for inbound ship-
ping
IIT | philadelphia Bay Potential conges- Have real-time knowl-
tion, bridge cross- | edge of vessel move-
ings, obscured vis- | ments and locations.
ibility Provide movement man-
agement advice and
anchorage management,




3.1.1 VT8 Design Approach

The choice of surveillance sensors is dependent on the VTS mission.
For the purposes of this design, the VTS mission is defined as that
which insures the safety of navigation and the protection of the
environment. In order to accomplish this mission, mandatory
participation of all vessels over 20 meters is essential. The
Vessel Traffic Center (VTC) must provide navigation safety advice
to all vessels. The VTS in the United States will have no
facilitation of commerce role nor will it offer piloting assistance
of any kind.

The primary criteria for selection of adequate surveillance sensors
are:

o Percentage of vessels of the desired minimum size
detected in designated surveillance areas

o Percentage of lost tracks

o Accuracy of the pc(sition and track obtained

o Reliability of the surveillance system

o Timeliness of the data obtained

o Ability to interpret and use the data obtained
Secondary criteria are:

o Cost of the VTS system -- reduction of manpower by the use
of technology

o Expandability -- increased VTS responsibility, area,
and/or support of other missions

Active surveillance sensors including radar, communications, and
closed circuit television (CCTV) installations are used when
detection and tracking of vessels is paramount to providing safety
advice. These devices are considered fail safe in that it is known
with certainty when they have failed. The performance
characteristics of these sensors are known from operational VTS
worldwide experience. 1In this design they are selected to assure
that the necessary operational criteria identified for each sub-
zone is realized.

Many dependent surveillance techniques are possible. These range
from voice radio reporting of required VTS data to automatic
position and identification recording devices that can be inter-
rogated from shore known as Automatic Dependent Surveillance (ADS)
devices. The position and/or movement reporting form of dependent
surveillance is used extensively in existing VTS systems. The major
regions of current use are those which do not require active
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surveillance. To apply ADS technology to a specific sub-zone within
a VIS zone the following additional criteria must be considered:

3.1.2

o The number and class of vessels interacting in the sub-zone
and which of these interactions are important to the VTS
mission. Obviously all vessel classes of interest must be
appropriately equipped. This requires that all vessels of the
classes selected which will ever pass through this sub-zone
must be equipped with an ADS device. This requirement to
detect so many different vessels argues against the use of
ADS. In areas where only one class of vessel is of interest,
ADS is more easily implemented.

o The interactions or transits to be monitored must not
demand that the surveillance be fail safe, i.e. positively
detecting failures. This type of surveillance is related to
position reporting in that it may not always function or be
used properly and the VTS has limited control over its
operation.

o It must be determined that if active surveillance is not
justified, the additional information obtained from ADS over
pcsition reporting is necessary.

© If the class or group of vessels to be monitored is a
"controllable" group, ADS can be easily implemented and
satisfactory operation more readily achieved. Controllable
means a clearly defined subset of vessels, e.g. a specific
barge company; vessels carrying a specific cargo, etc.

o The number of different vessels in each class of
interest that passes through the sub-zone in question must be
determined. This number must be known to accurately estimate
the cost of selecting this option for this sub-zone.

o A specific ADS solution for one sub-zone in one harbor may
affect all the VTS designs for all the other sub-zones in all
the other harbors.

Assumptions

The design of a VTS system for the Philadelphia VTS zor: starts

with
data.

a set of assumptions based on the detailed survey and other
These assumptions are as follows:

o As recommended by the IMO, all vessels of 20 meters or
more in length are required to participate in the VTS.
Participation is defined (at a minimum) as mc.itoring the
VTS frequency and reporting as required.
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o0 The VTS system is implemented with the cooperation and
assistance of the port authorities, pilots associations,
and marine exchange, if any. The existing facilities,
services, and procedures established and operated by
these organizations are major elements of an integrated
VTS system as defined in the IMO VTS Guidelines.

o0 The life-cycle of all system hardware is ten years.
3.2 DESIGN DECISION8S (FIGURE 3-1)
3.2.1 General
Examination of the traffic levels, geographical features and
identified problem areas in this port 1leads to the overall
conclusion that one control sector managed by one watchstander is
sufficient.
3.2.2 Hardware Location and Selection

3.2.2.1 8ub-Zone I

Raccoon Island 1 Module 10 VHF
1 Module 13 MET

Wilmington Site 1 Module 10 VHF

3.2.2.2 8ub-Zone II

Hawk Island 1 Module 10 VHF
1 Module 12 MET

Bordentown Site 1 Module 10 VHF

3.2.2.3 8ub-Zone III

Philadelphia Site 1 Module 10 VHF
1 Module 11 VHF
1 Module 15 HYD

3.2.3 Vessel Traffic Center

The design of the hardware and software should be modern and
capable of operating with reduced staff 1levels and no loss of
effectiveness. One watchstander with an integrated data workst-
ation and decision aiding software can effectively manage the
activity in this port. This Vessel Traffic Center concept demands
that the watchstander be separated from any other harbor/port
information requests. The Center must be structured so that such
requests are controlled by a bulletin board type interface. One
officer-in-charge and one clerk are also required for the proper
administration of the facility.
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The Vessel Traffic Center is located in Philadelphia in a location
with good visual surveillance of the port. The center is to employ
the following equipment:

3.2.3.1 VTS Console

This console provides total data integration from all sensors in
all sectors. These data are graphically shown on raster scan, high
light 1level, color displays. A data display is also provided.
Console design architecture is general purpose computer based, open
architecture, bus organized, allowing operation of the system as a
local area network (LAN). Data interchange with other facilities
by modem is provided as well as interface with the U.S. Coast Guard
standard terminal. The design allows board level modification and
expansion. Features of the software and hardware provided are:

o Software written in a high level language.

o Software providing the total integration of data from all
VTS sensors.

o Layering of data in at least four layers to be operator
selectable.

© The ability to sector data including sector to sector
handoff of targets.

o The ability to accept external digital data derived from
transmissions of shipboard transponders or other sources and
integrate the information with all other sensor data.

o Automatic and/or manual acquisition of radar targets
including automatic tracking and target ID assignments. Guard
zones with automatic acquisition of all targets entering the
zone.

o Several warning levels of vessel interaction designed to
direct attention to developing situations rather than a simple
CPA alarm strategy.

0 Complete vessel monitoring and alarm capability including
anchor watch, CPA, TCPA, track history, adjustable target
velocity vectors, restricted area penetration and maneuvering
monitor is provided. Additional warning and/or alarm features
allowed by programming changes in high level language.
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o Complete modern color graphics capability with offset and
zoom

o Complete harbor navigation aid monitoring capability
including buoy position, light status, etc.

o Remote control of all radars and radar interfaces as well
as radar data processing including site-to-site integration,
clutter suppression, scan conversion and target extraction.

o Complete track projection capability which can predict
and/or analyze future interactions based on current position,
destination and velocity.

o The capability of constructing a complete vessel data base
and interfacing it to the real-time data display from the VTS
sensors.

3.2.3.2 Communications Console

This console is capable of remotely operating the proposed trans-
mitting/receiving sites and allowing transmission and monitoring on
all required frequencies. The console provides two operating
positions each to be capable of complete communications control.
It is capable of modular expansion if other remote communications
sites are added.

3.2.3.3 B8upervisor Control and Data Acquisition (SCADA) Equipment

A SCADA capability is provided to the major module level at remote
sites so that the watchstander can determine the status of the
entire VTS system. A graphic readout is provided in block diagram
form indicating operational status of all elements in the system.
Security monitoring of remote sites is also included.

3.2.3.4 Recording Equipment

Time synchronized video and audio recording egquipment is to be
provided. This equipment is capable of recording and playing back
the data presented to the VTS watchstander and his reaction to the
situation. An extra set of recording equipment is to be installed
for redundancy purposes.
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3.3 COST ESTIMATES
3.3.1 General

Vol. III, Technical Supplement discusses a generalized approach to
estimating VTS system costs. This approach is based on interviews
with system designers and purchasers of recently constructed
systems. The cost of the Philadelphia VTS system has been
estimated using this approach and is detailed below. The
assumptions made in estimating these costs are listed in Paragraph
3.1.2.

3.3.2 Hardware (x $1000)

Vessel Traffic Center non-recurring recurring(10-yr)
VTS Console (1 workstation 500
& all software)
Communications console 100
Recording Equipment 50
Sub-total: 650 300

Sub-Zone I--lower Delaware River (NOAA cChart 12312)

2 Module 10 VHF 38 26
1 Module 13 MET 40 5
Sub-total: 78 31

Sub-Zone II--Upper Delaware River (NOAA Chart 12314)

2 Module 10 VHF 39 26
1 Module 12 MET 20 5
Sub-total: 59 31

Sub~-Zone III--Philadelphia (NOAA Chart 12312, 12313 & 12314)

1 Module 10 VHF 19 13
1 Module 11 VHF 48 20
1 Module 15 HYD 50 5
Sub-total: 117 38
HARDWARE TOTALS: 904 400
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3.3.3 Project Totals(x $1000)

Non-recurring
Hardware S 904
Management, Engineering, etc. (50%) 453

Assumptions: Turnkey systen,
Procurement by integ.contractor, good
manufacturer support, some software
provided, System Manual required

Installation site integration (10%) 91
Assumptions: Complete installation

by contractor, remote access no

serious problem, many widespread sites

Spares & Training (10%) 51
Civil Engineering 750

a VIC in Philadelphia, remote comms
and WX sensors installations, minor land acquisition

PROJECT ESTIMATE: 2289
Data Base Management System 300
TOTAL: (non-recurring) $ 2589
Recurring (10 year)
Hardware 400
1 Watchstander x 5 = 5 man/years @ 50K x 10 2500
1 Officer-in-Charge 500
1 Clerk 500

TOTAL: (recurring) (10-year life) $ 3900

TOTAL 10-YEAR PROJECT COST: $ 6489
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GLOSSARY

MAD8: Automatic Dependent Surveillance

ARPA: Automatic Radar Plotting Aid.

"CONFINED-COMPLEX": a combination of terms relating to the geog-
raphy and the nature of the interactions between ships. See Final
Report National Vessel Traffic Services Study (TP-5965E),
Canadian Coast Guard, Ottawa, October 1984, pp.89-91.
"“"CONFINED-SIMPLE": a combination terms relating to the geography
and the nature of the interactions between ships. See Final Report
National Vessel Traffic Services Study (TP~5965E), Canadian Coast
Guard, Ottawa, October 1984, pp.89-91.

COTP: Captain of the Port

CCTV: closed circuit television

COLREGS8 LINE: a demarcation line delineating those waters upon
which international regulations for the prevention of collisions at
sea apply.

CPA: closest point of approach

DBM8: data base management system

DF: direction finder

FAA: Federal Aviation Administration

GI8: Geographic Information System

ICW: Intracoastal Waterway

IMO: International Maritime Organization

KW: Kilowatt

LAN: local area network

LLOYD'S8 LIST: a listing of all merchant vessels of the world
including their physical characteristics. Published by Lloyd's of
London.

LNG: liquified natural gas

NOAA: National Oceanic and Atmospheric Administration
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“YOPEN-COMPLEX'": a combination of terms relating to the geography
and the nature of the interactions between ships. See Final Report
National Vessel Traffic Services Study (TP~5965E), Canadian Coast
Guard, Ottawa, October 1984, pp. 89-91l.

Y"OPEN-SIMPLE": a combination of terms relating to the geogiaphy and
the nature of the interactions between ships. See Final Report
National Vessel Traffic Services Study (TP-5965E), Canadian Coast
Guard, Ottawa, October 1984, pp. 89-91.

PAI: Problem Area Identifier

PRECAUTIONARY AREA: an area normally an intersection, entrance to,
or exit from a traffic separation scheme where vessel interactions
are unpredictable

SCADA: Supervisor Control and Data Acquisition

TCPA: time of closest point of approach

TRAFFIC SEPARATION SCHEME: routes incorporating traffic separation
to increase the safety of navigation, particularly in converging
areas of high traffic density.

VHF: very high frequency

VTC: vessel traffic center

VTS: vessel traffic services




APPENDIX
COST SAVINGS DERIVED USING EXISTING

SURVEILLANCE EQUIPMENT
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PHILADELPHIA/DELAWARE BAY

1.0 HARDWARE COST8 (x $1000)

1.1 Vessel Traffic Center non-recurring recurring(10yr)
VTS Console (3 workstations 1000
& all software)
Communications console 100
Recording Equipment 50
SCADA Equipment (4 radar sites) 200
Sub-total: 1350 600

1.2 PHILADELPHIA

Sub-Zone I--Lower Delaware River (NOAA Chart 12312)

1 Module 1 radar 310 310
2 Module 10 VHF 38 26
1 Module 13 MET 40 5

Sub-total: 380 341

Sub-Zone II--Upper Delaware River (NOAA Chart 12314)

2 Module 10 VHF 39 26
1 Module 12 MET 20 5
Sub-total: 59 31

Sub-Zone III--Philadelphia (NOAA Chart 12312, 12313 & 12314)

1 Module 10 VHF 19 13
1 Module 11 VHF 48 20
1 Module 15 HYD 50 5

Sub-total: 117 38
PHILADELPHIA HARDWARE TOTALS: 1906 1010




1.3 DELAWARE BAY

S8ub-Zone 1 Approaches

Comms /radar coverage from Sub-zone

S8ub-Zone II

3 Module 3 rada

rs

2 Module 10 VHF

1 Module 11 VHF
1 Module 13 MET

Sub-total:

Sub-Zone III--Wilmington Area

Radar coverage

1 Module 10 VHF
1 Module 11 VHF

DELAWARE BAY

from Sub-zone III.

Sub-total:
HARDWARE TOTALS:

HARDWARE TOTALS:

IIT.

1200
39
48
40

1327

19
48

67

1394

3300

1200
26
20
15

1251

13
20

33

1284

2294




Philadelphia (Continued)

2.0 PROJECT TOTALS (x $1000)

2.1 NON-RECURRING

Hardware $3300

Management, Engineering, etc. (50%) 1980
Assumptions: Turnkey system,

Procurement by integ.contractor, good

manufacturer support, some software

provided, System Manual required

Installation site integration (10%) 660
Assumptions: Complete installation

by contractor, remote access no

serious problem, many widespread sites

Spares & Training (10%) 330
Civil Engineering 2000

a VIC in Philadelphia, remote comms
and WX sensors installations, land acquisition

PROJECT ESTIMATE: 8270
Data Base Management System 300
TOTAL: (non-recurring) $ 8570
2.2 RECURRING (10 YEAR)
Hardware 2294
2 Watchstanders x 5 = 5 man/years @ 50K x 10 5000
1 Officer-in-Charge 500
1 Clerk 500

TOTAL:

(recurring)

TOTAL 10-YEAR PROJECT COS8T:

:

23

(10-year life) $ 8294

$16864
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Appendix M Zone 13 Philadelphia/Delaware Bay, PA

TABLE 1 Assignment of COE Waterway Codes to Subzones 8/06/91
COE
Waterway Name

Subzone 1301A

235 A INDIAN RIVER INLET AND BAY, DEL.

237 A INLAND WATERWAY BETWEEN REHOBOTH BAY AND
DELAWARE BAY, DEL.

240 A MISPILLION RIVER, DEL.

241 A MURDERKILL RIVER, DEL.

246 A SMYRNA RIVER, DEL.

259 A BIG TIMBER CREEK, N. J.

261 A MANTUA CREEK, N. J.

263 A OLDMANS CREEK, N. J.

267 A COHANSEY RIVER, N. J.

268 A MAURICE RIVER, N. J.

551 A DELAWARE RIVER AT CAMDEN, N. J.

552 A PHILADELPHIA HARBOR, PA.

554 A WILMINGTON HARBOR, DELAWARE

557 A SCHUYLKILL RIVER, PA.

5000 A NEW JERSEY INTRACOASTAL WATERWAY

5073 A CAPE MAY CANAL, N. J.

Subzone 1302B

237 A INLAND WATERWAY BETWEEN REHOBOTH BAY AND
DELAWARE BAY, DEL.

238 A HARBOR OF REFUGE, DELAWARE BAY, DEL.

240 A MISPILLION RIVER, DEL.

241 A MURDERKILL RIVER, DEL.

246 A SMYRNA RIVER, DEL.

259 A BIG TIMBER CREEK, N. J.

261 A MANTUA CREEK, N. J.

263 A OLDMANS CREEK, N. J.

267 A COHANSEY RIVER, N. J.

268 A MAURICE RIVER, N. J.

551 A DELAWARE RIVER AT CAMDEN, N. J.

552 A PHILADELPHIA HARBOR, PA.

554 A WILMINGTON HARBOR, DELAWARE

557 A SCHUYLKILL RIVER, PA.

Subzone 1303C

237 A INLAND WATERWAY BETWEEN REHOBOTH BAY AND
DELAWARE BAY, DEL.

237 B INLAND WATERWAY BETWEEN REHOBOTH BAY AND
DELAWARE BAY, DEL.

238 A HARBOR OF REFUGE, DELAWARE BAY, DEL.

240 A MISPILLION RIVER, DEL.

240 B MISPILLION RIVER, DEL.

241 A MURDERKILL RIVER, DEL.

241 B MURDERKILL RIVER, DEL.

246 A SMYRNA RIVER, DEL.

259 A BIG TIMBER CREEK, N. J.

259 B BIG TIMBER CREEK, N. J.

261 A MANTUA CREEK, N. J.

261 B MANTUA CREEK, N. J.

263 A OLDMANS CREEK, N. J.

253 B OLDMANS CREEK, N. J.

267 A COHANSEY RIVER, N. J.

267 B COHANSEY RIVER, N. J.

268 A MAURICE RIVER, N. J.

268 B MAURICE RIVER, N. J.

551 A DELAWARE RIVER AT CAMDEN, N. J.

551 B DELAWARE RIVER AT CAMDEN, N. J.

552 A PHILADELPHIA HARBOR, PA.

MT-3




Appendix M Zone 13 Philadelphia/Delaware Bay, PA

TABLE 1 Assignment of COE Waterway Codes to Subzones 8/06/91
COE
Waterway Name

Subzone 1303C

552 B PHILADELPHIA HARBOR, PA.

554 A WILMINGTON HARBOR, DELAWARE
554 B WILMINGTON HARBOR, DELAWARE

557 A SCHUYLKILL RIVER, PA.

557 B SCHUYLKILL RIVER, PA.

5000 A NEW JERSEY INTRACOASTAL WATERWAY
5073 A CAPE MAY CANAL, N. J.

Subzone 1304F
248 A INLAND WATERWAY FROM DELAWARE RIVER TO
CHESAPEAKE BAY, DEL.

259 A BIG TIMBER CREEK, N. J.

259 B BIG TIMBER CREEK, N. J.

261 A MANTUA CREEK, N. J.

261 B MANTUA CREEK, N. J.

263 A OLDMANS CREEK, N. J.

263 B OLDMANS CREEK, N. J.

551 A DELAWARE RIVER AT CAMDEN, N. J.
551 B DELAWARE RIVER AT CAMDEN, N. J.
552 A PHILADELPHiA HAREOR, PA.

552 B PHILADELPHIA HARBOR, PA.

554 A WILMINGTON HARBOR, DELAWARE
554 B WILMINGTON HARBOR, DELAWARE

557 A SCHUYLKILL RIVER, PA.

557 B SCHUYLKILL RIVER, PA.
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Appendix M Zone 13 Philadetphia/Delaware Bay, PA

TABLE 2

Subzone 1301A

Comm.

Code

OV NN -

131
1492
2810
2811
2813
2817
2818
2871
2872
2873
291
2912
2913
2914
2915
2916
2N7
2921

Name

FARM PRODUCTS

FOREST PRODUCTS
FISHERIES PRODUCTS
MINING PRODUCTS, NEC
PROC. FOODS & MFTRS, NEC
WASTE OF MANUFACTURING
CRUDE PETROLEUM

SULPHUR, DRY

SODIUM HYDROXIDE (CAUSTI
CRUDE PROD-COAL TAR-PET
ALCOHOLS

BENZENE AND TOLUENE
SULPHURIC ACID

NITROGEN CHEM FERTILIZER
POTASSIC CHEM FERTILIZER
PHOSPHA CHEM FERTIL!IZERS
GASOLINE, INCL NATURAL
JET FUEL

KEROSENE

DISTILLATE FUEL QIL
RESIDUAL FUEL OIL

LUBRIC OILS-GREASES
NAPHTHA, PETRLM SOLVENTS
LIQUI PETR-COAL-NATR GAS

Subzone Total :

Subzone 13028

Comm.

Code

Name

FARM PRODUCTS

FOREST PRODUCTS
FISHERIES PRODUCTS
MINING PRODUCTS, NEC
PROC. FOODS & MFTRS, NEC
WASTE OF MANUFACTURING
CRUDE PETROLEUM

SULPHUR, DRY

SODIUM HYDROXIDE (CAUSTI
CRUDE PROD-COAL TAR-PET
ALCOHOLS

BENZENE AND TOLUENE
SULPHURIC ACID

NITROGEN CHEM FERTILIZER
POTASSIC CHEM FERTILIZER
PHOSPHA CHEM FERTILIZERS
GASOLINE, INCL NATURAL
JET FUEL

KEROSENE

DISTILLATE FUEL OIL
RESIDUAL FUEL OIL

LUBRIC OILS-GREASES
NAPHTHA, PETRLM SOLVENTS
LIQUI PETR-COAL-NATR GAS

Subzone Total :

Ory Cargo
626,705
8,591
15,008
5,177,957
6,584,890
924,105

]

1,427
9,513
32,592

13,403,73

Dry Cargo
626,705
8,59
15,008
5,177,957
6,582,890
924,105

0

1,427
9,513
32,592

0

0

0

20,879

1

2,066
0

0
0
0
0
0
0
0
2

13,401,73

-~
o
3
x
o
-

[eXoRoRalols)

13,986,945
0

0
0

8,910
90,540

0

58,079

0

0
1,837,660
72,455
46,838
537,314
1,866,374
101,232
315,437
121,120
19,042,904

Tanker

(oo N=NoloNw]

13,986,945
0

0
0

8,910
90,540

0

58,079

0

0
1,837,660
72,455
46,838
537,314
1,866,374
101,232
315,437
121,120
19,042,904

Dry Cargo
Barge Tow

0

0

351,352
2,121,456
36,647

0

0
0
0
0
0
0
0
0
7,381
0
0
0
0
0
0
0
0
6

2,516,83

Dry Cargo
Barge Tow
0

0

0

351,352
2,121,456
36,647

0

0
0
0
0
0
0
0
0
7,381
0
0
0
0
0
0
0
0
6

2,516,83

Base Year 1987 Cargo Tons by Subzone, Commodity, and Vessel Type

7/15/9
Tanker
Barge Tow Total
0 626,705
0 8,591
0 15,008
0 5,529,309
0 8,706,346
0 960,752
5,579,742 19,566,687
0 1,427
0 9,513
0 32,592
13,160 22,0670
132,883 223,423
1,300 1,300
13,015 91,973
0 1
0 9,445
2,257,374 4,095,034
187,303 259,758
104,540 151,378
2,637,262 3,174,576
7,632,576 9,498,950
80,552 181,784
339,802 655,239
44,725 165,845
19,024,234 53,987,706
Tanker
Barge Tow Total
0 626,705
0 8,591
0 15,008
0 5,529,309
0 8,704,346
1] 960,752
5,579,742 19,566,687
0 1,427
0 9,513
¢] 32,592
13,160 22,070
132,883 223,423
1,300 1,300
19,268 98,226
0 1
0 9,445
2,257,374 4,095,034
187,303 259,758
104,540 151,378
2,629,518 3,166,832
7,632,576 9,498,950
80,552 181,784
339,802 655,239
44,725 165,845
19,022,743 53,984,215




Appendix M Zone 13 Philadelphia/Delaware Bay, PA 7/15/91
TABLE 2 Base Year 1987 Cargo Tons by Subzone, Commodity, and Vessel Type
Subzone 1303C
Comm. Dry Cargo Tanker
Code Name Dry Cargo Tanker Barge Tow Barge Tow Total
1 FARM PROOUCTS 626,705 0 0 0 626,705
2  FOREST PRODUCTS 8,591 0 0 0 8,591
3 FISHERIES PRODUCTS 15,008 0 0 0 15,008
4  MINING PRODUCTS, NEC 5,177,957 0 351,352 0 5,529,309
S PROC. FOODS & MFTRS, NEC 6,584,890 0 2,121,456 0 8,706,346
[} WASTE OF MANUFACTURING 924,105 0 36,647 0 960,752
1311 CRUDE PETROLEUM 0 13,986,945 0 5,579,742 19,566,687
1492 SULPHUR, DRY 1,427 1 o) o] 1,427
2810  SODIUM HYDROXIDE (CAUSTI 9,513 0 0 0 9,513
2811 CRUDE PROD-COAL TAR-PET 32,592 0 0 0 32,592
2813  ALCOHOLS 0 8,910 0 13,160 22,070
2817  BENZENE AND TOLUENE 0 90,540 0 132,883 223,423
2818  SULPHURIC ACID 0 0 0 1,300 1,300
2871  NITROGEN CHEM FERTILIZER 20,879 58,079 0 19,268 98,226
2872 POTASSIC CHEM FERTILIZER 1 Q 0 0 1
2873 PHOSPHA CHEM FERTILIZERS 2,064 0 7,381 0 9,645
2911  GASOLINE, INCL NATURAL 0 1,837,660 0 2,257,374 4,095,034
2912  JET FUEL 0 72,455 0 187,303 259,758
2913  KEROSENE 0 46,838 0 104,540 151,378
2914 DISTILLATE FUEL OIL 0 537,314 0 2,637,262 3,174,576
2915  RESIDUAL FUEL OIL 0 1,866,374 0 7,632,576 9,498,950
2916 LUBRIC OILS-GREASES 0 101,232 0 80,552 181,784
2917 NAPHTHA, PETRLM SOLVENTS 0 315,437 0 339,802 655,239
2921  LIQUI PETR-COAL-NATR GAS 0 121,120 0 44,725 165,845
Subzone Total : 13,403,732 19,042,904 2,516,836 19,030,487 53,993,959
Subzone 1304F
Comm. Dry Cargo Tanker
Code Name Dry Cargo Tanker Barge Tow Barge Tow Total
1 FARM PRODUCTS 626,705 0 0 o] 626,705
2 FOREST PRODUCTS 8,591 0 0 0 8,591
3 FISHERIES PRODUCTS 15,008 0 0] 0 15,008
4 MINING PRODUCTS, NEC 5,177,957 0 330,021 0 5,507,978
5 PROC. FOODS & MFTRS, NEC 6,582,890 0 2,121,456 0 8,704,346
6 WASTE OF MANUFACTURING 924,105 0 36,647 0 960,752
1311 CRUDE PETROLEUM 0 13,986,945 0 5,579,742 19,566,687
1492  SULPHUR, DRY 1,427 0 0 0 1,427
2810 SODIUM HYDROXIDE (CAUSTI 9,513 0 0 0 9,513
2811  CRUDE PROD-COAL TAR-PET 32,592 0 0 0 32,592
2813  ALCOHOLS 0 8,910 0 13,160 22,070
2817  BENZENE AND TOLUENE 0 90,540 ] 132,883 223,423
2818  SULPHURIC ACID 0 0 0 1,300 1,300
2871  NITROGEN CHEM FERTILIZER 20,879 58,079 0 13,015 91,973
2872  POTASSIC CHEM FERTILIZER 1 0 0 0 1
2873 PHOSPHA CHEM FERTILIZERS 2,064 0 7,381 o] 9,445
2911 GASOLINE, INCL NATURAL [¢] 1,837,660 0 2,257,374 4,095,034
2912  JET FUEL 0 72,455 0 187,303 259,758
2913  KEROSENE 0 46,838 " 104,540 151,378
2914  DISTILLATE FUEL OIL 0 537,314 0 2,618,678 3,155,992
2915  RESIDUAL FUEL OIL 0 1,866,374 o 7,632,576 9,498,950
2916  LUBRIC OILS-GREASES 0 101,232 0 80,552 181,784
2917 NAPHTHA, PETRLM SOLVENTS 0 315,437 J 339,802 655,239
2921 L1QUT PETR-COAL-NATR GAS o] 121,120 a 64,725 165,845
Subzone Total 13,401,732 19,042,904 2,455,505 19,005,650 53,945,791
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Appendix M ZONE

7/22/91

13 Philadelphia/Delaware Bay, PA

TABLE 3 Base Year (1987)

Vessel Transits by Subzone, Vessel Type, and Size.

Vessel Type

Subzone : 1301A

Passenger

Dry Cargo

Tanker

Dry Cargo Barge Tow

Tanker Barge Tow

Tug/Tow Boat

Su.zone Total:

Subzone : 13028
Passenger
Dry Cargo
Tanker
Dry Cargo Barge Tow
Tanker Barge Tow
Tug/Tow Boat

Subzone Total:

Subzone : 1303C
Passenger
Dry Cargo
Tanker
Dry Cargo Barge Tow
Tanker Barge Tow
Tug/Tow Boat

Subzone Total:

Subzone : 1304F
Passenger
Dry Cargo
Tanker
Dry Cargo Barge Tow
Tanker Barge Tow
Tug/Tow Boat

Subzone Total:

——— - ——

21,691

6,038
62,102
813
1,110
8,838
9,700

Note: Sum of all vessel transits within each study subzone.
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Appendix M ZONE 13 Philadelphia/Delaware Bay, PA

TABLE 3 Base Year (1987)
Vessel Transits by Suzone, Vessel Type, Size.

ZONE TOTALS

ZONE 13 Philadelphia/Delaware Bay, PA

vessel Type Large Medium Small Total
Passenger 0 38 12,863 12,901
Dry Cargo 353 2,704 59,349 62,406
Tanker 221 384 308 91
Dry Cargo Barge Tow 2 0 1,108 1,110
Tanker Barge Tow 863 0 7,975 8,838
Tug/Tow Boat 0 0] 9,7¢c0 9,700
Zone Total: 1,439 3,126 91,303 95,868

Note: Sum of all arrivals/departures to/from all termin~ls
within the Study Zone.




Appendix M Zone 13 Philadelphia/Delaware Bay, PA

TABLE &4 Barges Per Tow - Average factors by COE Waterway 8/6/91
COE Code Waterway Name Dry Barge Tank Barge
SUBZONE All Subzones within this Zone 1 1

NOTE: Average size of tows arriving/departing terminals within the waterway. Sizes of other tows transiting
the area may differ.
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Appendix M Zone 13 Philadelphia/Delaware Bay, PA

TABLE 5 Other Local Vessels by Subzone 7/21/91
Number of Vessels per
Subzone Name Vessels Square Mile
1301A 7,070 3.06
1302B 7,070 22.81
1303C 59,299 85.32
1304F 32,708 327.08
1305E 2,897 998.97
Total for Zone 109,044 31.91

Note: State registered (1989/90) vessels estimated to be oprerated
within the Subzone.
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7/24/91
Appendix M ZONE 13 Philadelphia/Delaware Bay, PA

TABLE 6.1 Forecast 1995

Vessel Transits by Subzone, Vessel Type, and Size

Vessel Type Large Medium Small Total
Subzone : 1301A
Passenger 0 39 0 39
Dry Cargo 462 3,495 59,217 63,174
Tanker 292 453 390 1,135
" Dry Cargo Tow 0 0 1,287 1,287
Tanker Tow 1,003 0 8,837 9,840
Tug/Tow Boat 0 0 12,353 12,353
Subzone Total: 1,757 3,987 82,084 87,828
Subzone : 1302B
Passenger 0 39 0 39
Dry Cargo 462 3,495 14,972 18,929
Tanker 292 453 390 1,135
Dry Cargo Tow 0 0 1,287 1,287
Tanker Tow 1,003 g 8,834 9,837
Tug/Tow Boat 0 0 12,345 12,345
Subzone Total: 1,757 3,987 37,828 43,572
Subzone : 1303¢C
Passenger 0 39 6,204 6,243
Dry Cargo 462 3,495 64,537 68,494
Tanker 292 453 390 1,135
Dry Cargo Tow 0 0 1,287 1,287
Tanker Tow 1,003 0 8,840 9,843
Tug/Tow Boat 0 0 12,357 12,357
Subzone Total: 1,757 3,987 93,615 99,359
Subzone : 1304F
Passenger 0 39 7,096 7,135
Dry Cargo 645 4,948 2,642 8,235
Tanker 295 575 460 1,330
Dry Cargo Tow 0 0 3,236 3,236
Tanker Tow 1,003 0 11,127 12,130
Tug/Tow Boat 0 0 12,557 12,557
Subzone Total: 1,943 5,552 37,118 44,623

Note: Sum of all vessel transits within each study subzone.
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Appendix M ZONE

13 pPhiladelphia/Delaware Bay, PA

TABLE 6.2 Forecast 2000

Vessel Transits by Subzone,

7/24/91

Vessel Type, and Size

Vessel Type Large Medium Small Total
Subzone : 1301A
Passenger (0] 41 0 41
Dry Cargo 555 4,137 62,825 67,517
Tanker 352 502 450 1,304
Dry Cargo Tow 0 0 1,412 1,412
Tanker Tow 1,135 0 9,449 10,584
Tug/Tow Boat 0 0 14,444 14,444
Subzone Total: 2,042 4,680 88,580 95,302
Subzone : 13028
Passenger 0 41 0 41
Dry Cargo 555 4,137 15,561 20,253
Tanker 352 502 450 1,304
Dry Cargo Tow 0 0 1,412 1,412
Tanker Tow 1,135 0 9,446 10,581
Tug/Tow Boat 0 0 14,434 14,434
Subzone Total: 2,042 4,680 41,303 48,025
Subzone : 1303cC
Passenger 0 41 6,414 6,455
Dry Cargo 555 4,137 68,265 72,957
Tanker 352 502 450 1,304
Dry Cargo Tow 0 0 1,412 1,412
Tanker Tow 1,135 0 9,452 10,587
Tug/Tow Boat 0 0 14,448 14,448
Subzone Total: 2,042 4,680 100,441 107,163
Subzone : 1304F
Passenger 0 41 7,337 7,378
Dry Cargo 773 5,865 3,115 9,753
Tanker 356 633 525 1,514
Dry Cargo Tow o 0 3,556 3,556
Tanker Tow 1,135 0 11,910 13,045
Tug/Tow Boat 0 0 14,691 14,691
Subzone Total: 2,264 6,539 41,134 49,937
Note: Sum of all vessel transits within each study subzone.

MT-12




Appendix M ZONE

TABLE 6.3 Forecast 2005

Vessel Transits by Subzone, Vessel Type, and

Vessel Type
Subzone
Passenger
Dry Cargo
Tanker
Dry Cargo Tow
Tanker Tow
Tug/Tow Boat
Subzone Total:
Subzone : 13028
Passenger
Dry Cargo
Tanker
Dry Cargo Tow
Tanker Tow
Tug/Tow Boat
Subzone Total:
Subzone 1303¢C
Passenger
Dry Cargo
Tanker
Dry Cargo Tow
Tanker Tow
Tug/Tow Boat
Subzone Total:
Subzone : 1304F
Passenger
Dry Cargo
Tanker
Dry Cargo Tow
Tanker Tow
Tug/Tow Boat

Subzone Total:

Note: Sum of all vessel

Large Medium
o 42

676 4,950
424 560

0 0
1,291 o
0 0
2,391 5,552
(0] 42

676 4,950
424 560

0] 0
1,291 0
0 0
2,391 5,552
0 42

676 4,950
424 560

0 0
1,291 0
0 o
2,391 5,552
0 42

936 7,019
428 701

0 0
1,291 0
0 0
2,655 7,762

13 Philadelphia/Delaware Bay, PA

1,553
10,128
17,058

—— - —

16,203
527
1,553
10,124
17,049

6,603
72,321
527
1,553
10,132
17,063

- —— ——

108,199

7,552
3,697
607
3,911
12,770
17,365

- - - ——

45,902

7/24/91

42
72,392
1,511
1,553
11,419
17,058

————— -

103,975

42
21,829
1,511
1,553
11,415
17,049

— -

53,399

6,644
77,947
1,511
1,553
11,423
17,063

116,141

7,594
11,652
1,736
3,911
14,061
17,365

transits within each study subzone.
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7/24/91
Appendix M ZONE 13 Philadelphia/Delaware Bay, PA

TABLE 6.4 Forecast 2010
Vessel Transits by Subzone, Vessel Type, and Size

Vessel Type Large Medium Small Total
Subzone : 1301A
Passenger 0 43 0 43
Dry Cargo 836 5,989 71,124 77,949
Tanker 514 628 618 1,760
Dry Cargo Tow 0 0 1,707 1,707
Tanker Tow 1,478 0 10,875 12,353
Tug/Tow Boat 0 [0} 20,361 20,361
Subzone Total: 2,828 6,660 104,685 114,173
Subzone : 1302B
Passenger 0 43 0 43
Dry Cargo 836 5,989 16,930 23,755
Tanker 514 628 618 1,760
Dry Cargo Tow 0 0 1,707 1,707
Tanker Tow 1,478 0 10,871 12,349
Tug/Tow Boat 0 0 20,352 20,352
Subzone Total: 2,828 6,660 50,478 59,966
Subzone : 1303cC
Passenger 0 43 6,796 6,839
Dry Cargo 836 5,989 76,798 83,623
Tanker 514 628 618 1,760
Dry Cargo Tow 0 0 1,707 1,707
Tanker Tow 1,478 0 10,879 12,357
Tug/Tow Boat 0 0 20,366 20,366
Subzone Total: 2,828 6,660 117,164 126,652
Subzone : 1304F
Passenger 0 43 7,774 7,817
Dry Cargo 1,149 8,480 4,412 14,041
Tanker 518 780 703 2,002
Dry Cargo Tow 0 0 4,302 4,302
Tanker Tow 1,478 0 13,714 15,192
Tug/Tow Boat 0 0] 20,742 20,742
Subzone Total: 3,146 9,303 51,647 64,096

Note: Sum of all vessel transits within each study subzone.




7/25/91
Appendix M ZONE 13 Philadelphia/Delaware Bay, PA

TABLE 6.5 Forecast 1995 - 2010 Vessel Transits by Vessel Type and Size

Vessel Type Large Medium Small Total

- o —— o ———— - — —— - —— ——— —————— s —— - ——— - ——

1995 FORECASTED ZONE TOTALS

Passenger 0 39 13,300 13,339
Dry Cargo 414 3,150 64,677 68,241
Tanker 292 453 390 1,135
Dry Cargo Tcow 0 0 1,287 1,287
Tanker Tow 1,003 o 8,840 9,843
Tug/Tow Boat 0 0 12,357 12,357
1995 Zone Total: 1,709 3,642 100,851 106,202

2000 FORECASTED ZONE TOTALS

Passenger 0 41 13,751 13,792
Dry Cargo 465 3,494 68,265 72,224
Tanker 352 502 450 1,304
Dry Cargo Tow 0 (0} 1,412 1,412
Tanker Tow 1,135 0 9,452 10,587
Tug/Tow Boat 0 0 14,448 14,448
2000 Zone Total: 1,952 4,037 107,778 113,767

2005 FORECASTED ZONE TOTALS

Passenger 0 42 14,155 14,197
Dry Cargo 567 4,038 72,205 76,810
Tanker 424 560 527 1,511
Dry Cargo Tow 0 0 1,553 1,553
Tanker Tow 1,291 0 10,132 11,423
Tug/Tow Boat 0 0 17,063 17,063
2005 Zone Total: 2,282 4,640 115,635 122,557

2010 FORECASTED ZONE TOTALS

Passenger 0 43 14,570 14,613
Dry Cargo 702 4,883 76,610 82,195
Tanker 514 628 618 1,760
Dry Cargo Tow 0 0 1,707 1,707
Tanker Tow 1,478 0 10,879 12,357
Tug/Tow Boat 0 0 20,366 20,366
2010 Zone Total: 2,694 5,554 124,750 132,998

Note: Sum of all arrivals/departures to/from all terminals within the
study zone.
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Appendix M Zone 13 Philadelphia/Delaware Bay, PA 7/25/91

TABLE 7 Vessel Casualty History (10 Year Totals) by
Subzone, Vessel Type and Size, and Casualty Type

Vessel Type Size Collisions Rammings Groundings Other

Subzone: 1301A

Dry Cargo Large 1 0 0 0
Tanker Barge Tow Small 1 0 0 0
Subzone Totals: 2 0 0 0

Subzone: 1303C

Dry Cargo Small 0 0 1 0
Tanker Large 0 0 3 0
Dry Cargo Barge Tow Small 0 0 1 0
Tanker Barge Tow Small 0 0 1 0
Subzone Totals: 0 0 [ 0
Subzone: 1304F
Passenger Small 0 0 0 1
Dry Cargo Large 0 0 4 1]
Tanker Large 0 1 3 0
Dry Cargo Barge Tow Smalt 1 1 1 0
Tanker Barge Tow Large 1 0 0 0
Tanker Barge Tow Small 0 1 6 0
Tug/Tow Boat Smatl 0 0 2 0
Subzone Totals: 2 3 16 1
Subzone: 1305E
Dry Cargo Large 1 0 4] 0
Tanker Barge Tow Small 1 0 0 1]
Subzone Totals: 2 0 0 0
2one Totals: 6 3 22 1

Note: OTHER equals barge breakaways and weather causcd vessel casualties.
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APPENDIX TABLE M-8 ZONE 13, PHILADELPHIA/DELAWARE BAY, PA - VT8
LEVEL8 IN OPERATION

|95-2010l

ITI
ITJIT [IT jIXI |IT |ITI |II |ITJIT {IT |II ITI
I T (I {r(r (r (I (I (I (I (I I1I
I | 3 (I (I (T |T |IT I [T |T I
I I (I I | (T |T I I I |I ITI

LEGEND

VTS Level I -
A Vessel Movement Reporting System consisting
of VHF radio communications and various
vessel reporting waypoints. No radar
surveillance is included.

VTS Level II -
The Vesisel Movement Reporting System of Level
I is coupled with basic radar surveillance.
The radar technology is assumed to be
equivalent to a good quality, recent vintage,
standard shipboard radar without any advanced
features.

VTS Level III -
This level represents the new Coast Guard
state-of-the-art Candidate VTS Design defined
for each study zone.

NOTE ALL COMMERCIAL VESSELS PARTICIPATE 1979 TO PRESENT
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APPENDIX TABLE M-9 ZONE 13 PHILADELPHIA/DELAWARE BAY, PA
CANDIDATE VTS DESIGN - 1995-2010

UNITS

1 Radar Module 1 - Average Performance

0 Radar Module 2 - Average Performance

3 Radar Module 3 - High Performrance

0 Radar Module 4 - High Performance

0 Radar Module 5 ~ Special Purpose

0 Radar Module 6 - Special Purpose

10 ADS Module 7 ~ Active Radar Transponder (Type 1)

0 ADS Module 8 ~ Positional Transponder, Small
Area, Very High Accuracy (Type 5)

0 ADS Module 9 - Positional Transponder, Small
Area, High Accuracy (Type 6)

8 VHF Module 10 - Low power VHF Transmitting/
Receiving Facility

3 VHF Module 11 - High power VHF Transmitting/

Receiving Facility
1 Meteorological Module 12 - Air temperature, wind
direction and speed
2 Meteorological Module 13 - Air temperature, wind
direction and speed,
visibility
0 Hydrological Module 14 - Water Temperature and
Depth
1 Hydrological Module 15 - Water Temperature, Depth
and Current
0 VHF/DF MODULE 16 - Line of position measurement to
2 degree RMS
0 CCTV MODULE 17 - Fixed Focus CCTV via Telephone
Lines
0 CCTV MODULE 18 - Remotely Controllable CCTV via
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Appendix M 2one 13 Philadelphia/Delaware Bay, PA

TABLE 10A Avoided Vessel Casualties 1996 - 2010 7/31/91
Candidate VTS Systems
Counts

Vessel Type Size Collision Ramming Grounding Total
Passenger Medium .07 0.00 .09 .16
Passenger Small .15 .03 .18 .37
Dry Cargo Large .39 .09 .63 1.1
Dry Cargo Medium 1.14 .24 .59 1.96
Dry Cargo Small 4.03 .54 1.06 5.63
Tanker Large .58 17 1.04 1.79
Tanker Medium .10 .01 .08 .19
Tanker Small .04 0.00 .04 .07
Ory Cargo Barge T Small .58 .24 .30 1.1
Tanker Barge Tow Large .53 .32 .45 1.30
Tanker Barge Tow Small 4.14 .98 3.54 8.66
Tug/Tow Boat Smat! .65 .27 .69 1.60

12.39 2.88 8.68 23.95
Undiscounted Total Dollar Losses (1,000)

Vessel Type Size Collision Ramming Grounding Total
Passenger Med1um 115 0 103 218
Passenger Small 134 29 1M 273
Dry Cargo Large 542 158 198 899
Dry Cargo Medium 1,703 461 176 2,340
Dry Cargo Small 2,748 389 646 3,783
Tanker Large 3,365 1,063 3,599 8,027
Tanker Medium 148 21 40 209
Tanker Small 24 0 10 34
Dry Cargo Rarge T Small 32 36 5 73
Tanker Barge Tow Large 2,961 1,846 1,695 6,502
Tanker Barge Tow  Small 11,457 2,816 1,705 15,978
Tug/Tow Boat Smal L 49 [¥A 48 141

23,279 6,863 8,335 38,477

Kote: In Counts, 0.00 equals 0.0000000; .00 represents a number less
than 1 and greater than 0.0000000 rounded to two decimal places.
Counts totals were calculated before rounding.
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Appendix M 2one 13

Philadelphia/Delaware Bay, PA

TABLE 108 Avoided Vessel Casualties 1996 - 2010 7/31/91
Existing VTS Systems
Counts

Vessel Type Size Collision Ramming Grounding Total
Passenger Medium .03 0.00 .03 .06
Passenger Small .07 .02 .06 .15
Ory Cargo Large .16 .05 .23 YA
Dry Cargo Medium A .15 .21 .82
Dry Cargo Smal l .46 .21 .16 .84
Tanker Large .24 N .37 .72
Tanker Medium .04 .01 .03 .07
Tanker Smalt .0 0.00 .01 .03
Dry Cargo Barge T Small .23 .16 .10 .48
Tanker Barge Tow Large .21 .20 .16 .58
Tanker Barge Tow Smaltl 1.63 .65 1.15 3.43
Tug/Tow Boat Smalt .15 A 17 47

3.69 1.70 2.69 8.07
Undiscounted Total Dollar Losses (1,000)

Vessel Type Size Collision Ramming Grounding Total
Passenger Medium 46 0 35 81
Passenger Smatl 59 21 37 118
Dry Cargo Large 222 98 71 391
Ory Cargo Medium 696 286 63 1,045
Dry Cargo Smal | 316 150 100 566
Tanker Large 1,403 669 1,305 3,376
Tanker Medium 63 14 15 91
Tanker Smal L 9 0 3 12
Dry Cargo Barge T Small 13 23 2 37
Tanker Barge Tow Large 1,226 1,152 611 2,988
Tanker Barge Tow  Smalt 4,581 1,882 562 7,025
Tug/Tow Boat Small 11 22 1z 45

8,643 6,317 2,816 15,776

Note: In Counts, 0.00 equals 0.0000000; .00 represents a number less
than 1 and greater than 0.0000000 rounded to two decimal places.

Counts totals were calculated before rounding.
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Appendix M Zone 13  Philadelphia/Delaware Bay, PA 7/264/91
TABLE M Avoided fatalities 1996 - 2010
Vessel Type Size Collision Ramming Grounding Total
Candidate VIS Design - Counts
Passenger Medium .0 0.00 .01 .02
Passenger Small .01 .00 .01 .02
Dry Cargo Large .05 .01 .08 14
Dry Cargo Medium .14 .03 .07 .25
Dry Cargo Smal | .26 .03 .07 .36
Tanker Small .00 0.00 .00 .00
Dry Cargo Barge Tow Small .00 .00 .00 .00
Tanker Bargs Tow Smatt .01 .00 .0 .02
Tug/Tow Boat Smatl .00 .00 .00 .00
Totals .48 .08 .25 .81
Candidate VTS Design - Dollars
Passenger Medium 12,262.03 0.00 17,441.01 29,703.04
Passenger Small 14,815.07 3,167.69 17,220.77 35,203.54
Dry Cargo Large 73,576.66 16,190.19 118,407.89 208,174.74
Dry Cargo Medium 213,572.10 44,515.00 110,454 .69 368,541.79
Dry Cargo Smatll 387,476.10 51,377.26 102,053.41 560,906.77
Tanker Small 120.04 0.00 123.58 243.62
Dry Cargo Barge Tow Small 1,914.42 784.34 978.45 3,677.20
Tanker Barge Tow Small 13,685.89 3,245.08 11,707.92 28,638.89
Tug/Tow Boat Small 2,142.463 881.34 2,279.84 5,303.62
Totals 719,564.73 120,160.91 380,667.56 1,220,393.21
Existing VTS Design -  Counts
Passenger Medium .00 0.00 .00 .01
Passenger Smati .00 .00 .00 .01
Dry Cargo Large .02 .01 .03 .05
Ory Cargo Medium .06 .02 .03 .10
Dry Cargo Smal L .03 .01 .01 .05
Tanker Smalt .00 0.00 .00 .00
Dry Cargo Barge Tuw Small .00 .00 .00 .00
Tanker Barge Tow Small .00 .00 .00 .01
Tug/Tow Boat Smal ( .00 .00 .00 .00
Totals 12 .06 .08 .24
Existing VTS Design Dotlars
Passenger Medium 4,986.65 0.00 6,250.02 11,236.67
Passenger Small 6,560.28 2,352.81 5,7466.11 14,657.20
Dry Cargo Large 29,921.72 10,108.62 42,431.73 82,462.08
Dry Cargo Medium 86,854.24 27,793.69 39,581.69 154,229.62
Dry Cargo smalt 44,546 .84 19,8964 .40 15,843.98 80,285.21
Tanker Small 45.43 .00 40.67 86.11
Dry Cargo Barge Tow Small 744 .51 519.52 315.58 1,579.60
Tanker Barge Tow Small 5,379.25 2,159.87 3,801.02 11,340.15
Tug/Tow boat Small 499.20 464 .36 574.40 1,537.96
Totals 179,538.12 63,293.28 114,583.21 357,614.61

Noute :

round

ing.

In Counts, 0.00 equats 0.00G0000;
than 0.0030000 rounded to two decimal places.

.00 represents a number less than 1 and greater

MT-21
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Appendix M Zone 13  Philadelphi. .elaware Bay, PA 7/26/91
TABLE 12 Avoided Human Injuries 1996 - 2010
Vessel Type Size Collision Ramming Grounding Total
Candidate VTS Design - Counts
Passenger Medium .00 0.00 .00 .00
Passenger Small .12 .03 14 .28
Dry Cargo Large .01 .00 .07 .02
Dry Cargo Medium .02 .00 .01 .03
Dry Cargo Sma. l 3.06 A .81 4.28
Tanker Small .CJ 0.00 .00 .00
Dry Cargo Barge Tow Small .01 .01 .01 .03
Tanker Barge Tow Small .10 .02 .09 .21
Tug/Tow Boat Small .02 .01 .02 .04
Totals 3.33 47 1.07 4.88
Candidate VTS Design - Dottlars
Passenger Medium 210.54 0.00 299.46 509.99
Passenger Smalt 27,897.03 5,964.82 32,427.00 66,288.85
Dry Cargo Large 1,263.29 277.98 2,033.03 3,574.31
Dry Cargo Medium 3,666.98 764.31 1,896.48 6,327.77
Ory Cargo Small 729,623.93 96,744.23 192,168.26 1,018,536.42
Tanker Smal l 209.75 0.00 215.93 425.68
Ory Cargo Barge Tow Small 3,345.08 1,370.49 1,709 65 6 425.22
Tanker Barge Tow Small 23,913.55 5,670.18 20,457.42 50,041.14
Tug/Tow Boat Small 3,743.50 1,539.99 3,983.60 9,267.09
Totals 793,873.64 112,331.99 255,190.84 1,161,396.47
Existing VTS Design - Counts
Passeraer Medium .00 0.00 .00 .00
Passenger Smatl .05 .02 .08 .12
Dry Cargo Large .00 .00 .00 .0
Dry Cargo Medium .01 .00 .00 .01
Dry Cargc Smai ( .35 16 .13 .63
Tanker Smal L .00 0.00 .00 00
Dry Cargo Barge Tow Smatl .01 .00 .06 .01
Tanker Barge Tow Smal l .04 .02 .07 .08
Tug/Tow Boat Smail .00 .00 .00 .01
Totals 4b .20 .21 .88
Existing VTS Design Dollars
Passenger Medium 85.62 0.00 107.31 192.93
Passenger Small 12,353.12 4,4630.39 10,816.25 27,599.76
Dry Cargo Large 513.75 173.56 728.54 1,615.85
Dry Cargo Medium 1,491.26 477.21 679.61 2,648.08
Dry Cargo Small 83,882.43 37,461.48 29.834.47 151,178.39
Tanker Smalt 79.39 4.00 71.07 150.46
Ory Cargo Barge Tow Small 1,300.89 907.77 551.41 2,760.06
Tanker Barge Tow Small 9,399.25 3,773.97 6,641.58 19,814.81
Tug/Tow Boat Smai l 872.25 811.39 1,003.66 2,687.30
Totals 109,977.95 48,035.77 50,433.91 208,447 .64

Note : In Counts, 0.00 equais 0.00000GC; .N0 represents a number less than 1 and gr-ater

than 0.0000000 rounded to twWo decimal places.

rounding.
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Appendix M Zone 13 Philadelphia/Oelaware Bay, PA Lol
TABLE 13 Avoided Vessels Damaged 1996 - 2010
Vessel Type Size Catliision R ng Grounding Total
Candidate VTS Design - Counts
Passenger Medium .05 (.00 .04 .09
Passenger Small A3 .02 Nt .21
Dry Cargo Large .29 .06 Lé A
Dry Cargo Medium .84 17 06 1.07
Dry Cargo Smatl 3.46 .37 56 4.39
Tanxer Large LG4 A 14 .71
Tanker Medium .07 .01 .01 .09
Tanker Small .01 0.00 .01 .02
Dry Cargo Barge Tow Smail L4 .10 .04 .58
Tanker Barge Tow Large .48 .16 .09 .73
Tanker Barge Tow Small 3.16 A .49 4.07
Tug/Tow Boat Small 11 .03 09 .23
Totals 9.48 1.48 1.63 12.60
Candidate VTS Design - Dollars
Passenger Medium 42,184 .48 0.00 34,839.30 77,023.79
Passenger Small 44,821.24 7,690.58 28,867.89 81,179.71
Dry Cargo Large 213,854.83 45,034.10 36,463.63 295,352.56
Dry Cargo Medium 749,942.81 149,589.26 25,430.87 924 ,962.95
Dry Cargo Smalt | 656,458.86 70,777.60 142,924.63 870,161.09
Tanker Large 343,389.38 109,263.66 293,104 .09 745,757.13
Tanker Medium 48,512.54 6,258.67 18,187.98 72,959.19
Tanker Small 2,378.95 0.00 3,194.56 5,573.51
Dry Cargo Barge Tow Smatl 25,657.97 5,820.79 2,093.79 33,572.55
Tanker Barge Tow Large 78,172.33 26,094.12 17,905.47 122,171.91
Tanker Barge Tow Small 224,093.26 29,422.09 464,510.28 298,025.63
Tug/Tow Boat Small 8,174.54 2,159.90 8,458.60 18,793.05
Totals 2,437,641.19 451,910.78 655,981.09 3,545,533.06
Existing VTS Design - Counts
Passenger Medium .02 0.00 .01 .03
Passenger Small .06 .02 .02 .09
Dry Cargo Large .12 4 .02 .18
Dry Cargo Medium .34 .10 .02 .47
Dry Cargo Smali .40 I .09 .63
Tanker Large .18 .09 .05 .31
Tanker Medium .03 .01 .00 .04
Tanker Small .00 0.00 .00 .01
Dry Cargo Barge Tow Small 17 .07 .01 .25
Tanker Barge Tow Large .20 .10 .03 .33
Tanker Barge Tow Small 1.264 .28 16 1.68
Tug/Tow Boat Small .03 .02 02 .06
Totals 2.78 .85 AA 4.08
Existing VIS Design - Dollars
Passenger Medium 17,155.34 0.00 12,4684.74 29,640,08
Passenger Small 19,847.34 5,563.65 9,629.09 35,040.08
Dry Cargo Large 86,969.22 28,117.80 13,066.82 128,153.85
Dry Cargo Medium 304,982.32 93,398.59 9,113.21 407,494.13
Dry Cargo Smal t 75,470.89 27,606.64 22,189.31 125,066.83
Tanker Large 139,647.57 68,220.62 105,034.50 312,902.69
Tanker Medium 19,728.80 3,907.71 6,517.70 30,154.21
Tanker Smat 900.43 0.00 1,051.41 1,951.85
Dry Cargo Barge Tow Sma (| 9,978.25 3,855.50 675.31 14,509.06
Tanker Barge Tow Large 31,790.66 16,292.31 6,416.46 54,499.43
Tanker Barge Tow Smait g,080.11 19,582.85 14,450.45 122,113.41
Tug/Tow Boat Smatl 1,904.71 1,138.01 2,131.12 5,173.84
Totals F96,655 .66 267,483.67  202,760.13 1,266,699.44
Note : In Counts, §.00 equal< 0.C0000C0; .00 tepresents a number tess than 1 and greater

than 0.0000C00 rounded ta two decimal places.

rounding,
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Appendix M Zone 13  Philadelphia/Delaware Bay, PA 7/29/91

TABLE 14 Avoided Cargo Damage/Loss 1996 - 2010
Vessel Type Size Collision Ramming Grounding Total
Candidate VTS Design - Counts
Passenger Medium .01 0.00 .01 .02
Passenger Small .03 .01 .02 .05
Dry Cargo Large .10 .03 .06 .19
Dry Cargo Medium .30 .08 .05 A2
Dry Cargo Smal l 1.28 215 Al 1.65
Tanker Large .16 .05 .10 31
Tanker Medium .03 .00 .01 .04
Tanker Small .01 0.00 .00 .01
Dry Cargo Tow Small .08 .03 .02 .13
Tanker Tow Large .04 .02 .03 .10
Tanker Tow Small .58 L .20 .92
Tug/Tow Boat Smal l .04 .01 .02 .08
Totals 2.67 .53 .74 3.95
Candidate VTS Design - Dollars
Passenger Medium 185.58 0.00 108.43 294.01
Passenger Small 113.35 18.94 65.19 197.49
Dry Cargo Large 1,101.04 343.25 167.56 1,611.85
Dry Cargo Medium 3,196.00 943.78 156.30 296.08
Dry Cargo Smait 2,979.19 321.21 641.57 1,%1.97
Tanker Large 10,470.53 3,174.25 15,465.69 29,110.47
Tanker Medium 366.17 46.60 94 .40 507.18
Tanker Small 28.99 0.00 18.83 47.82
Tanker Tow Large 15,020.95 9,116.42 12,192.09 36,329.46
Tanker Tow Small 35,198.31 8,346.39 12,263.86 55,808.56
Tug/Tow Boat Small 98.40 26.00 99.11 223,51
Totals 68,758.51 22,336.84 41,273.05 132,368.40
Existing VTS Design - Counts
Passenger Medium .01 0.00 .00 .01
Passenger Small .01 .00 .01 .02
Dry Cargo Large .04 .02 .02 .08
Dry Cargo Medium .12 .05 .02 .19
Dry Cargo Small .15 .06 .03 .24
Tanker Large .06 .03 .04 .13
Tanker Medium .0 .00 .00 .02
Tanker Smal .00 0.00 .00 .00
Dry Cargo Tow Small .03 .02 .01 .06
Tanker Tow Large .02 .02 .01 .04
Tanker Tow Small .23 .09 Rirg .39
Tug/Tow Boat Small .01 .0 .01 .02
Totals .70 .30 .21 1.21
Existing VIS Design - Doliars
Passenger Medium 75.47 0.00 38.86 114.33
Passenger Small 50.19 14.07 21.75 86.01
Dry Cargo Large 447.76 214.32 60.05 722.13
Dry Cargo Medium 1,299.73 589.26 56.01 1,945.01
Dry Cargo small 342.51 124.38 99.61 566.49
Tanker Large 4,648.78 2,162.04 6,131.03 12,961.86
Tanker Medium 153.03 29.87 36.58 219.47
Tanker Smal l 12.26 0.00 6.67 18.92
Tanker Tow Large 6,763.66 6,302.33 4,836.89 17,902.88
Tanker Tow Small 21,181.81 8,504.31 6,094.02 35,780.14
Tug/Tow Boat Smatt 22.93 13.70 24.97 61.60
Totals 34,998.13 17,954 .28 17,406.42 70,358.83

Notel: Dollar values include bulk petroleum and chemical cargos only and all vessel fuels
spilled. Dolltar values exclude cargo loss/damage for non-tank vessel types.

Note2: In Counts, 0.00 equais 0.0000000; .00 represents a number less than 1 and greater

than 0.0000000 rounded to two decimal places. Counts totals were calculated before
rounding.
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Appendix M Zone 13  Philadelphia/Delaware Bay, PA 7/26/91

TABLE 15 Avoided NavAid Damage 1996 - 2010
Vessel Type Size Collision Ramming Grounding Total
Candidate VTS Design - Counts
Passenger Smal l 0.00 .00 .00 .00
Dry Cargo Large 0.00 .01 .00 .0
Dry Cargo Medium 0.00 .03 .00 .03
Dry Cargo Smalt 0.00 .06 .01 .07
Tanker Large 0.00 .02 .01 .03
Tanker Medium 0.00 .00 .00 .00
Tanker Small 0.00 0.00 .00 .00
Dry Cargo Barge Tow Small 0.00 .03 .00 .03
Tanker Barge Tow Large 0.00 .04 .00 .04
Tanker Barge Tow Small 0.00 1N .02 .13
Tug/Tow Boat Small 0.00 .03 .00 .03
Totals 0.00 .33 .05 .38
Candidate VTS Design - Dollars
Passenger Small 0.00 21.30 5.80 27.09
Dry Cargo Large 0.00 55.56 20.34 75.90
Dry Carge Medium 0.00 152.76 18.98 171.74
Dry Cargo Small 0.00 345.41 34.35 379.76
Tanker Large 0.00 112.17 33.55 145.72
Tanker Medium 0.00 7.63 2.50 10.13
Tanker Small 0.00 0.00 1.21 1.21
Dry Cargo Barge Tow Small 0.00 153.17 9.57 162.74
Tanker Barge Tow Large 0.00 206.77 14.50 221.27
Tanker Barge Tow Small 0.00 633.72 114.46 748.18
Tug/Tow Boat Small 0.00 172.11 22.29 194.40
Totals 0.00 1,860.61 277.53 2,138.13
Existing VTS Design -  Counts
Passenger Small 0.00 .00 .00 .00
Dry Cargo farge .00 .01 .00 .01
bry Cargo Medium 0.00 .02 .00 .02
Dry Cargo Small 0.00 .02 .00 .02
Tanker Large 0.00 .01 .00 .01
Tanker Medium 0.00 .00 .00 .00
Tanker Smatl 0.00 0.00 .00 .00
Dry Cargo Barge Tow Small 0.00 .02 .00 .02
Tanker Barge Tow Large 0.00 .02 .00 .02
Tanker Barge Tow Smal 0.00 .07 .01 .08
Tug/Tow Boat Small 0.00 .02 .00 .02
Totals 0.00 .19 02 21
Existing VTS Design - Dollars
Passenger Small 0.00 15.82 1.93 17.75
Dry Cargo Large 0.00 34.69 7.29 41.98
Dry Cargo Medium 0.00 95.38 6.80 102.18
Dry Cargo Small 0.00 133.75 5.33 139.08
Tanker Large 0.00 70.04 12.02 82.06
Tanker Medium 0.00 4.76 89 5.66
Tanker Small 0.00 0.00 .40 .40
ODry Cargo Barge Tow Small 0.00 101.45 3.09 104.54
Tanker Barge Tow Large 0.00 129.10 5.20 134.30
Tanker Barge Tow Small 0.00 421.79 37.16 458.95
Tug/Tow Boat Small 0.00 90.68 5.62 96.30
Totats 0.00 1,097.47 85.73 1,183.20

Note : In Counts, 0.00 equals 0.0000000; .00 represents a number less than 1 and greater
than 0.0000000 rounded to two decimal places. Counts totals were calculated before
rounding.
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Appendix M Zone 13  Philadelphia/Delaware Bay, PA 7/726/91

TABLE 16 Avoided Bridge Damage 1996 - 2010
Vessel Type Size Collision Ramming Grounding Total
Candidate VTS Design -  Counts
Passenger Small .00 .00 0.00 00
Dry Cargo Large 0.00 .01 0.00 01
Dry Cargo Medium 0.00 .02 0.00 .02
Dry Cargo Small .01 .03 0.00 .04
Tanker Large 0.00 .02 0.00 02
Tanker Medium 0.00 .00 0.00 .00
Tanker Small .00 0.00 0.00 .00
Dry Cargo Barge Tow Small .00 .01 0.00 01
Tanker Barge Tow Large 0.00 .03 0.00 .03
Tanker Barge Tow Small .01 .06 0.00 .06
Tug/Tow Boat Small .00 .02 0.00 02
Totals .01 .21 0.00 22

Candidate VTS Design - Dollars

Passenger Small 429.26 4,126.89 0.00 4,556.15
pry Cargo Large 0.00 17,785.31 0.00 17,785.31
bry Cargo Medium 0.00 48,900.77 0.00 48,900.77
Dry Cargo Smal l 10,948.73 65,286.57 0.00 76,235.30
Tanker Large 0.00 35,906.62 0.00 35,906.62
Tanker Medium 0.00 2,442.68 0.00 2,442.68
Tanker Small 87.35 0.00 0.00 87.35
Dry Cargo Barge Tow Small 1,478.83 27,593.22 0.00 29,072.05
Tanker Barge Tow Large 0.00 66,188.98 0.00 66,188.98
Tanker Barge Tow Small 10,578.79 114,249.01 0.00 124,827.80
Tug/Tow Boat Smaltl 1,600.57 29,755.72 0.00 31,356.29
Totals 25,123.53 412,235.77 0.00 437,359.30
Existing VTS Design -  Counts
Passenger Small .00 .00 0.00 00
Dry Cargo Large 0.00 .01 0.00 01
Dry Cargo Medium 0.00 .01 0.00 01
Dry Cargo Small .00 .01 0.00 01
Tanker Large 0.00 .01 0.00 01
Tanker Medium 0.00 .00 0.00 00
Tanker Smal l .00 0.00 0.00 00
Dry Cargo Barge Tow Small .00 .01 0.00 01
Tanker Barge Tow Large 0.00 .02 0.00 02
Tanker Barge Tow Smal l .00 .04 0.00 04
Tug/Tow Boat Small .00 .01 0.00 01
Totals .00 .12 0.00 12
Existing VTS Design - Dollars
Passenger Smatll 190.08 3,065.26 0.00 3,255.34
Dry Cargo Large 0.00 10,433.84 0.00 10,433.84
Dry Cargo Medium 0.00 28,687.87 0.00 28,687.87
Dry Cargo Smal l 1,077.16 264,336.43 0.00 25,613.,58
Tanker Large 0.00 21,064.79 0.00 21,064.79
Tanker Medium 0.00 1,433.01 0.00 1,433.01
Tanker Small 27.74 0.00 0.00 27.74
Dry Cargo Barge Tow Small 524.95 17,655.27 0.00 18,180.22
Tanker Barge Tow Large 0.00 38,830.08 0.00 38,830.08
Tanker Barge Tow Small 3,805.92 73,523.71 0.00 77,329.62
Tug/Tow Boat Small 274 .59 14,269.25 0.00 14,543.84
Totals 5,900.44 233,299.51 0.00 239,199.95
Note : In Counts, 0.00 equals 0.0000000; .00 represents a number less than 1 and greater
than 0.0000000 rounded to two decimal places. Counts totals were calculated before
rounding.
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Appendix M Zone 13 Philadelphia/Delaware Bay, PA
TABLE 17 Avoided Hazardous Commodity Spills 1996 - 2010 7/30/9
Commodity Catastrophic Large Medium Small Total
Candidate Vts Design - Counts
ALCOHOLS .00 .00 .00 .00 .00
BENZENE AND TOLUENE .00 .01 .01 .01 .02
KEROSENE .00 .00 .00 .00 .01
JET FUEL .00 .00 .00 .00 .01
DISTILLATE FUEL OIL .01 .04 .09 .05 1.19
GASOLINE, INCL NATURAL .01 .03 .04 .00 .08
RESIDUAL FUEL OIL .02 12 .46 b4 1.04
CRUDE PETROLEUM .04 .11 .12 .01 .27
.08 .3 .73 Y 2.62
Existing Vts Design - Counts
ALCOHOLS .00 .00 .00 .00 .00
BENZENE AND TOLUENE .00 .00 .00 .00 .01
KEROSENE .00 .00 .00 .00 .00
JET FUEL .00 .00 .00 .00 .00
DISTILLATE FUEL OIL .00 .02 .04 A7 .23
GASOLINE, INCL NATURAL .00 .0 .02 .00 .03
RESIDUAL FUEL OIL .0 .05 .20 .20 .46
CRUDE PETROLEUM .02 .05 .05 .00 .12
.03 .13 .32 .37 .86

Note: In Counts, 0.00 equals 0.0000000; .00 represents a number less
than 1 and greater than 0.0000000 rounded to two decimal places.

Counts totals were calculated before rounding.
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Appendix M Zone 13 Philadelphia/Delaware Bay, PA
TABLE 18A Annual Benefit & Cost Streams 7/31/91
Candidate VTS Systems
Discounted to 1993
Operation &

Year Investment Maintenance Benefits

($1,000) ($1,000) ($1,000)
1993 8,570 0 0
1996 0 653 1,718
1997 0 593 1,593
1998 0 540 1,479
1999 0] 490 1,373
2000 0 446 1,275
2001 0 405 1,187
2002 0 368 1,104
2003 0 335 1,028
2004 0 305 956
2005 0 277 889
2006 0 252 829
2007 0 229 773
2008 (o] 208 721
2009 0 189 672
2010 0] 172 626
8,570 5,462 16,221

Undiscounted
Operation &

Year Investment Maintenance Benefits

($1,000) (51,000) ($1,000)
1993 8,570 0 0
1996 0 829 2,179
1997 0 829 2,226
1998 0 829 2,274
1999 0 829 2,322
2000 0 829 2,373
2001 (o] 82¢ 2,428
2002 0 829 2,486
2003 o] 829 2,544
2004 0 829 2,602
2005 0 829 2,664
2006 0 829 2,732
2007 0 829 2,804
2008 o] 829 2,875
2009 0 829 2,947
2010 0 829 3,022
8,570 12,441 38,477




Appendix M Zone 13 Philadelphia/Delaware Bay, PA
TABLE 18B Annual Benefit & Cost Streams 7/31/91
Existing VTS Systems

Discounted to 1993

Operation &

Year Investment Maintenance Benefits

($1,000) ($1,000) ($1,000)
1993 0 0 0
1996 0 0 7600
1997 0 0 650
1998 0 0 604
1999 0 0 561
2000 0 0 522
2001 0 0 486
2002 0 0 452
2003 0 0 421
2004 0 0 392
2005 0 ¢} 365
2006 0 0 340
2007 o] 0 318
2008 0 0 296
2009 0 0 276
2010 0 0 258
0 0 6,643

Undiscounted
Operation &

Year Investment Maintenance Benefits

($1,000) ($1,000) ($1,000)
1993 0] 0 0
1996 0 0 889
1997 0 0 909
1998 0 0 929
1999 o] 0 949
2000 0 0 972
2001 0 0 993
2002 0 0 1,018
2003 0 0 1,042
2004 0 0 1,067
2005 0 0 1,095
2006 0 0 1,122
2007 0 0 1,152
2008 0 0 1,182
2009 0 0 1,212
2010 0 0 1,246
0 0 15,776
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APPENDIX M
20NE 13 - PHILADELPHIA/DELAWARE BAY, PA

STUDY SUB-ZONE MARINE SPECIES ABUNDANCE - INPUT DATA FOR NRDAM/CME MODEL

Wildlife Abundance Tables
Fish & Shellfish

Phitadelphia (Port 15) Grams per Square Meter

Port & Species Species Species Spring Suancr Fall Winter

Subzone Category Code Name Apr-Jun Jul-Sep Oct-uvec Jan-Mar
1301 101 1 American Shad .0043 .0043 .0043 .0043
1301 101 2 Alewife .2100 .2100 .2100 .2100
1301 102 3 Atl .Menhaden 5.5000 5.5000 5.5000 0.0000
1301 102 4 Atl.Herring 2.2206 0.0000 0.0000 2.2206
1301 102 5 Butterfish 2.3023 2.3023 2.3023 2.3023
1301 102 7 Atlantic Mackerel 25.8966  25.8966 0.0000 0.0000
1301 102 32 King Mackerel .0190 .0370 .0190 0.0000
1301 102 44 Striped Mullet .0480 .0480 .0480 .0480
1301 102 127 Silver sides 4.0000 5.0000 7.8000 7.8000
1301 103 8 Bluefish 4.0903 8.1805 8.1805 0.0000
1301 103 9 Striped Bass .0047 L4700 .0094 .009¢4
1301 103 10 Monkfish .0770 .0770 .0770 .0770
1301 103 1 Weakfish 0.0000 5.6333 5.6333 0.0000
1301 104 13 Swordfish .0330 .0330 .0330 .0330
1301 104 14 Shark .0041 .0041 .0041 .0041
1301 104 15 Spiny Dogfish 1.7960 1.7960 0.0000 0.0000

1301 105 16 Yellowtail Flounder 1.6655 1.6655 0.0000 0.0000
1301 105 17 Summer flounder 0.0000 .8327 .8327 0.0000
1301 105 20 Winter Flounder .0326 0.0000 0.0000 .0326
1301 105 251 Windowpane Flounder .7837 L2449 L2449 L2449
1301 106 24 Silver Hake .6900 .6900 .6900 .6900
1301 106 25 Red Hake .2939 .2939 0.0000 0.0000
1301 106 27 Scup 12.3440 24.6880 24.6880 0.0000
1301 106 28 Tilefish .0330 .0330 .0330 .0330
1301 106 29 Black Sea Bass .3921 .3921 .3921 0.0000
1301 106 35 Croaker 0.0000 L0979 .0979 0.0000
1301 106 116 Little Skate 1.7634 0.0000 0.0000 1.7634
1301 106 116 Winter Skate 3.0371 0.0000 0.0000 3.0371
1301 106 199 Other 2.4819 19.2184 35.9549 19.2184
1301 107 201 Surf Clam 1.2000 1.2000 1.2000 1.2000
1301 107 202 Quahog 7.2000 7.2000 7.2000 7.2000
1301 107 203 Atlantic Sea Scallop .0600 .0600 .0600 .0600
1301 108 204 American Lobster .1300 .1300 .1300 .1300
1301 108 206 Red Crab .2300 .2300 .2300 .2300
1301 109 207 Long Fin Squid 0.0000 .0979 L0979 0.0000
1302 101 1 American Shad .0043 .0043 .0043 .0043
1302 101 2 Alewife .2100 .2100 .2100 .2100
1302 102 3 Atl .Menhaden 5.5000 5.5000 5.5000 0.0000
1302 102 4 Atl.Herring 2.2206 0.0000 0.0000 2.2206
1302 102 5 Butterfish 2.3023 2.3023 2.3023 2.3023
1302 102 7 Atlantic Mackerel 25.8966  25.8966 0.0000 0.0000
1302 102 32 King Mackeret .0190 .0370 .0190 0.0000
1302 102 44 Striped Mullet .0480 .0480 .0480 .0480
1302 102 127 Silver sides 4.0000 5.0000 7.8000 7.8000
1302 103 8 Bluefish 4.0903 8.1805 8.1805 0.0000
1302 103 9 Striped Bass L0047 .4700 .0094 .0094
1302 103 10 Monk f ish .0770 .0770 .0770 .0770
1302 103 1 Weakfish 0.0000 5.6333 5.6333 0.0000
1302 104 13 Swordfish .0330 .0330 .0330 .0330
1302 104 14 Shark .0041 L0041 L0041 .0041
1302 104 15 Spiny Dogfish 1.7960 1.7960 0.0000 0.0000
1302 105 16 Yellowtail Flounder 1.6655 1.6655 0.0000 0.0000
1302 105 17 Summer Flounder 0.0000 .8327 .8327 0.0000
1302 105 20 Winter Flounder .0326 0.0000 0.0000 .0326
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APPENDIX M
ZONE 13 - PHILADELPHIA/DELAWARE BAY, PA (Cont.)

STUDY SUB-ZONE MARINE SPECIES ABUNDANCE - INPUT DATA FOR NRDAM/CME MODEL

Wildlife Abundance Tables
Fish & Shelifish

Philadelphia (Port 13) Grams per Square Meter

Port & Species Species Species Spring Summer Fall Winter

Subzone Category Code Name Apr-Jun Jul-Sep Oct-Dec  Jan-Mar
1302 105 251 Windowpane F{ounder .7837 L2449 . 2449 . 2449
1302 106 24 Silver Hake .6900 .6900 .6900 .6900
1302 106 25 Red Hake .2939 .2939 0.0000 0.0000
1302 106 27 Scup 12.3440 24.6880 24.6880 0.0000
1302 106 28 Tilefish .0330 .0330 .0330 .0330
1302 106 29 Black Sea Bass .3921 .3921 .3921 0.0000
1302 106 35 Croaker 0.0000 .0979 .0979 0.0000
1302 106 116 Little Skate 1.7634 0.0000 0.0000 1.7634
1302 106 116 winter Skate 3.0371 0.0000 0.0000 3.0371
1302 106 199 Other 2.4819 19,2184 35.9549 19.2184
1302 107 201 Surf Clam 1.2000 1.2000 1.2000 1.2000
1302 107 202 Quahog 7.2000 7.2000 7.2000 7.2000
1302 107 203 Atlantic Sea Scallop .0600 .0600 .0600 .0600
1302 108 204 American Lobster . 1300 . 1300 .1300 .1300
1302 108 206 Red Crab .2300 .2300 .2300 .2300
1302 109 207 Long Fin Squid 0.0000 L0979 .0979 0.0000
1303 101 1 Shad 1.1680 1.1680 1.1680 1.1680
1303 101 2 Alewife .0159 . 1069 .1040 .0963
1303 101 2 Blueback Herring 0.0000 .0275 .0097 .0651
1303 101 3 Hickory Shad .0120 .0060 0.0000 .0060
1303 102 3 Menhaden 22.1000 22.4000 11.2000 0.0000
1303 102 4 Herring .0010 .0010 .0010 .0010
1303 102 7 Atlantic Mackerel .0040 0.0000 0.0000 .0040
1303 102 32 King Mackerel .0030 0.0000 0.0000 .0030
1303 102 33 Spanish Mackerel .0210 0.0000 0.0000 .0210
1303 102 34 Harvestfish .0010 .0010 .0010 .0010
1303 102 43 Anchovy .0050 .3850 .1700 .0050
1303 102 43 Bay Anchovy 0.0000 .0556 .3286 .0872
1303 102 126 Black Crappie .0024 0.0000 0.0000 0.0000
1303 102 127 Silver sides 4.0000 5.0000 7.8000 .1000
1303 102 127 Tessellated Darter .0236 .0010 0.0000 0.0000
1303 102 260 Silvery Minnow .0001 .0001 .0020 .0001
1303 103 8 Bluefish 0.0000 1.3742 1.3742 0.0000
1303 103 9 Striped Bass 0.0000 .0283 .0603 .0407
1303 103 1" Weakfish 1.8322 1.8322 1.8322 0.0000
1303 105 17 Summer Flounder .0280 .0280 .0280 .0280
1303 105 18 American Plaice .0170 .0090 .0090 .0100
1303 105 20 Winter Flounder .0530 .0020 .0700 .0880
1303 106 24 Silver Hake .0010 .0010 .0010 .0010
1303 106 25 Red Hake .0040 .0020 .0030 .0030
1303 106 26 White Hake .0090 .0140 .0050 0.0000
1303 106 29 Black Sea Bass .0010 .0010 .0010 .0010
1303 106 35 Atlantic Croaker .3700 .3700 .3700 .3700
1303 106 36 Orum .0020 .0020 .0020 0.0000
1303 106 37 Spot .0960 .0490 0.0000 .0490
1303 106 38 Yellow Perch .0020 .0020 .0020 .0020
1303 104 2 Yellow Perch .0261 .0780 .0197 .0197
1303 106 39 Carp .0250 .0250 .0250 .0250
1303 106 40 American Eel 0.0000 . 1351 . 0664 011
1303 106 48 8rown Bul lhead 0.0000 .0089 .0155 0.0000
1303 106 48 White Catfish .0190 L0591 0.0000 .0190
1303 106 120 Naked Gobia 0.0000 0.0000 .0029 0.0000
1303 106 123 White Perch L0667 L0467 L0467 .0467
1303 106 243 Hogchoker 0.0000 .5359 .3729 .8432




APPENDIX M
ZONE 13 - PHILADELPHIA/DELAWARE BAY, PA (Cont.)
STUDY SUB-ZONE MARINE SPECIES ABUNDANCE - INPUT DATA FOR NRDAM/CME MODEL
Wildlife Abundance Tables
Fish & Shellfish
Philadelphia (Port 13) Grams per Square Meter
Port & Species Species Species Spring Summer Fall Winter
Subzone Category Code Name Apr-Jun Jul-Sep Oct-Dec  Jan-Mar

1303 106 265 Needlefish 0.0000 .2950 0.0000 0.0000
1303 107 211 Soft Clam .1700 .1700 .1700 .1700
1303 107 212 Oyster .4970 .4970 .4970 .4970
1303 107 213 Hard Clam .0800 .0800 .0800 .0800
1303 107 214 Conch .0660 .0660 .0660 .0660
1303 108 204 American Lobster . 1100 .2200 .1100 0.0000
1303 108 209 Blue Crab .4310 .4310 .4310 .4310
1303 108 210 Blue Crab .2000 .2000 0.0000 0.0000
1303 108 217 Horseshoe Crab .2445 . 2445 . 2445 . 2445
1303 109 207 Squid .0280 .1500 .1300 0.0000
1304 101 1 Shad 1.1680 1.1680 1.1680 1.1680
1304 101 2 Alewife .0159 . 1069 . 1040 .0963
1304 101 2 Blueback Herring 0.0000 .0275 .0097 .0651
1304 101 31 Hickory Shad .0120 .0060 0.0000 .0060
1304 102 3 Menhaden 22.1000 22.4000 11.2000 0.0000
1304 102 4 Herring .0010 .0010 .0010 .0010
1304 102 7 Atlantic Mackerecl .0040 0.0000 0.0000 .0040
1304 102 32 King Mackerel .0030 0.0000 0.0000 .0030
1304 102 33 Spanish Mackerel .0210 0.0000 0.0000 .0210
1304 102 34 Harvestfish .0010 .0010 .0010 .0010
1304 102 43 Anchovy .0050 .3850 .1700 .0050
1304 102 43 Bay Anchovy 0.0000 .0556 .3286 .0872
1304 102 126 Black Crappie .0024 0.0000 0.0000 0.0000
1304 102 127 Silver sides 4.0000 5.0000 7.8000 .1000
1304 102 127 Tessellated Darter .0236 .0010 0.0000 0.0000
1304 102 260 Silvery Minnow .0001 .0001 .0020 .0001
1304 103 8 Bluefish 0.0000 1.3742 1.3742 0.0000
1304 103 9 Striped Bass 0.0000 .0283 .0603 .0407
1304 103 1 Weakfish 1.8322 1.8322 1.8322 0.0000
1304 105 17 Summer Flounder .0280 .0280 .0280 .0280
1304 105 18 American Plaice .0170 .0090 .0090 .0100
1304 105 20 Winter Flounder .0530 .0020 .0700 .0880
1304 106 24 Silver Hake .0010 .0010 .0010 .0010
1304 106 25 Red Hake .0040 .0020 .0030 .0030
1304 106 26 white Hake .0090 .0140 .0050 0.0000
1304 106 29 B8lack Sea Bass .0010 .0010 .0010 .0010
1304 106 35 Atlantic Croaker .3700 .3700 3700 .3700
1304 106 36 Orum .0020 .0020 .0020 0.0000
1304 106 37 Spot .0960 .0490 0.0000 .0490
1304 106 38 Yellow Perch .0020 .0020 .0020 .0020
1304 106 38 Yellow Perch .0261 .0780 .0197 .0197
1304 106 39 Carp .0250 .0250 .0250 .0250
1304 106 40 American Eel 0.0000 L1351 .0664 L0111
1304 106 48 8rown Bul Lhead 0.0000 .008¢9 .0155 0.0000
1304 106 48 wWhite Catfish .0190 .0591 0.0000 .0190
1304 106 120 Naked Gobia 0.0000 0.0000 .0029 0.0000
1304 106 123 white Perch L0667 L0467 L0467 L0467
1304 106 243 Hogchoker 0.0000 .5359 .3729 .8432
1304 106 265 Needlefish 0.0000 .2950 0.0000 0.0000
1304 107 21 Soft Clam .1700 .1700 .1700 .1700
1304 107 212 Oyster L4970 L4970 L4970 L4970
1304 107 213 Hard Clam .0800 .0800 .0800 .0800

1304 107 214 Conch .0650 . 0660 .0660 0660
1304 108 204 American Lobster .

1100 .2200 .1100 0.0000
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20NE 13 - PHILADELPHIA/DELAWARE BAY, PA (Cont.)

STUDY SUB-ZONE MARINE SPECIES ABUNDANCE - INPUT DATA FOR NRDAM/CME MODEL

Wildlife Abundance Tables
Fish & Shellfish

Philadelphia (Port 13) Grams per Square Meter

Port & Species Species Species Spring Summer Fall Winter

Subzone Category Code Name Apr-Jun Jul-Sep Oct-Dec Jan-Mar
1304 108 209 Blue Crab .4310 .4310 .4310 .4310
1304 108 210 Blue Crab .2000 .2000 0.0000 0.0000
1304 108 217 Horseshoe Crab . 2445 L2445 L2445 . 2445
1304 109 207 Squid .0280 .1500 .1300 0.0000
1305 101 1 Shad 1.1680 1.1680 1.1680 1.1680
1305 101 2 Alewife .9900 1.7700 .2400 0.0000
1305 10 2 Blueback Herring .0800 .1400 .2600 .1400
1305 101 31 Hickory Shad .0120 .0060 0.0000 .0060
1305 102 3 Menhaden 22.1000 22.4000 11.2000 0.0000
1305 102 4 Herring .0010 .0010 .0010 .0010
1305 102 7 Atlantic Mackerel .0040 0.0000 0.0000 .0040
1305 102 32 King Mackerel .0030 0.0000 0.0000 .0030
1305 102 33 Spanish Mackerel .0210 0.0000 0.0000 .0210
1305 102 34 Harvestfish .0010 .0010 .0010 .0010
1305 102 43 Anchovy .0050 .3850 .1700 .0050
1305 102 126 Black Crappie .0024 0.0000 0.0000 0.0000
1305 102 127 Silver sides 4.0000 5.0000 7.8000 1000
1305 102 127 Silverside .0009 .0009 .0009 .0009
1305 102 127 Tessel lated Darter .0236 .0010 0.0000 0.0000
1305 102 260 Silvery Minnow .0001 .0001 .0020 .0001
1305 103 8 Bluefish 0.0000 .0190 .0190 0.0000
1305 103 9 Striped Bass 1.8640 .6720 .2320 .2320
1305 103 11 Weakfish .0330 43.9700 .0295 .0295
1305 105 17 Summer Flounder .0280 .0280 .0280 0280
1305 105 18 American Plaice .0170 .0090 .0090 .0100
1305 105 20 Winter Flounder .0530 .0020 .0700 .0880
1305 106 24 Silver Hake .0010 .0010 .0010 .0010
1305 106 25 Red Hake .0040 .0020 .0030 .0030
1305 106 26 white Hake .0090 .0140 .0050 0.0000
1305 106 29 Black Sea Bass .0010 .0010 .0010 .0010
1305 106 35 Atlantic Croaker .3700 .3700 .3700 3700
1305 106 36 Drum .0020 .0020 .0020 0.0000
1305 106 37 Spot .0960 .0490 0.0000 .0490
1305 106 38 Yellow Perch .0020 .0020 .0020 .0020
1305 106 38 Yellow Perch .0261 .0780 .0197 .0197
1305 106 39 Carp .0250 .0250 .0250 .0250
1305 106 40 American Eel .1040 .0406 0.0000 0.0000
1305 106 48 Brown Bul thead 13.6900 L1072 .3544 L3544
1305 106 48 Channel Catfish . 1660 .5690 0.0000 . 1660
1305 106 48 white Catfish .0190 L0591 0.0000 .0190
1305 106 120 Naked Gobia 0.0000 0.0000 .0029 0.0000
1305 106 123 White Perch 12.6200 4.4100 2.7900 2.7900
1305 106 243 Hogchoker .0584 .1280 0.0000 0.0000
1305 106 265 Needlefish 0.0600 .2950 0.0000 0.0000
1305 107 211 Soft Clam .1700 .1700 .1700 .1700
1305 107 212 Oyster .4970 .4970 L4970 .4970
1305 107 213 Hard Clam .0800 .0800 .0800 . 0800
1305 107 214 Conch . 0660 .0660 .0660 . 0660
1305 108 204 American Lobster .1100 .2200 .1100 0.0000
1305 108 209 Blue Crab .4310 L4310 .4310 .4310
1305 108 210 Blue Crab .2000 .2000 0.0000 0.0000
1305 108 217 Horseshoe Crab . 2645 L2645 . 2445 2645
1305 109 207 Squid .0280 .1500 .1300 0.0000

MT-33
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20NE 13 - PHILADELPHIA/DELAWARE BAY, PA (Cont.)

STUDY SUB-ZONE MARINE SPECIES ABUNDANCE - INPUT DATA FOR NRDAM/CME MODEL

Wildlife Abundance Tables
Fish & Shellfish Larvae

Philadelphia (Port 13) Numbers per Square Meter

Port & Species Species Species Spring Summer Fatt Winter

Subzone Category Code Name Apr-Jun Jul-Sep Oct-Dec  Jan-Mar
1301 202 1004 Atlantic Herring 0.0000 0.0000 .3900 0.0000
1301 202 1005 Butterfish 0.0000 5.0000 0.0000 0.0000
1301 202 1007 Atlantic Mackerel 1.9300 1.9300 0.0000 0.0000
1301 202 1043 Anchovy 0.0000 10.0000 1.0000 0.0000
1301 202 1110 Sand Lance 5.0000 0.0000 5.0000 55.0000
1301 202 1128 Searobins 0.0000 5.0000 5.0000 0.0000
1301 203 1008 Bluefish 4.9700 4.9700 4.9700 0.0000
1301 203 1258 Bonito .4600 .4600 .4600 0.0000
1301 205 1010 Small Mouth Flounder 0.0000 5.0000 .5000 0.0000
1301 205 1016 Yellow Tail Flounder .5200 .5200 0.0000 0.0000
1301 205 1251 Four Spot Flounder .9100 .9100 .9100 0.0000
1301 205 1251 Windowpane .5000 2.5000 5.0000 6.0000
1301 206 1021 Atlantic Cod .5000 0.0000 0.0000 .5000
1301 206 1025 Hakes 0.0000 5.0000 0.0000 0.0000
1301 206 1035 Atlantic Croaker 0.0000 .6600 .6600 .6600
1301 206 1040 Cuskeel .5500 .4600 .5500 0.0000
1301 208 1209 Blue Crab 0.0000 572.1538 0.0000 0.0000
1302 202 1004 Atlantic Rerring 0.0000 0.0000 .3900 0.0000
1302 202 1005 Butterfish 0.0000 5.0000 0.0000 0.0000
1302 202 1007 Atlantic Mackerel 1.9300 1.9300 0.0000 0.0000
1302 202 1043 Anchovy 0.0000 10.0000 1.0000 0.0000
1302 202 1110 Sand Lance 5.0000 0.0000 5.0000 55.0000
1302 202 1128 Searobins 0.0000 5.0000 5.0000 0.0000
1302 203 1008 8luefish 4.9700 4.9700 4.9700 0.0000
1302 203 1258 Bonito .4600 .4600 .4600 0.0000
1302 205 1010 Small Mouth Flounder 0.0000 5.0000 .5000 0.0000
1302 205 1016 Yellow Tail Flounder .5200 .5200 0.0000 0.0000
1302 205 1251 Four Spot Flounder .9100 .9100 .9100 0.0000
1302 205 1251 Windowpane .5000 2.5000 5.0000 0.0000
1302 206 1021 Atlantic Cod .5000 0.0000 0.0000 .5000
1302 206 1025 Hakes 0.0000 5.0000 0.0000 0.0000
1302 206 1035 Atlantic Croaker 0.0000 .6600 .6600 .6600
1302 206 1040 Cuskeel .5500 .4600 .5500 0.0000
1302 208 1209 Blue Crab 0.0000 362.0800 0.0000 0.0000
1303 202 1199 Larvae . 1900 .8100 .8100 .2200
1303 203 1199 Larvae .0110 .1900 .0054 0.0000
1303 205 1199 Larvae 1.1000 .6600 .3600 .3040
1303 206 1199 Larvae .0270 .4700 1.0400 .0200
1303 207 1199 Larvae 2.0000 20.0000 2.0000 0.0000
1303 208 1199 Larvae .0016 .0042 0.0000 0.0000
1303 208 1209 Blue Crab 0.0000 46.1363 0.0000 0.0000
1304 202 1199 Larvae 12.4000 52.7000 53.4000 14.3000
1304 203 1199 Larvae .0640 1.1000 .0310 0.0000
1304 205 1199 Larvae 10.9000 6.5000 3.6000 .0400
1304 206 1199 Larvae .2100 3.6000 8.0000 .1500
1304 207 1199 Larvae 100.0000 1000.0000 100.0000 0.0000
1304 208 1199 Larvae .0160 .0420 0.0000 0.0000
1305 202 1199 Larvae 12.4000 52.7000 53.4000 14.3000
1305 203 1199 Larvae .0640 1.1000 .0310 0.0000
1305 205 1199 Larvae 10.9000 6.5000 3.6000 .0400
1305 206 1199 Larvae .2100 3.6000 8.0000 .1500
1305 207 1199 Larvae 100.0000 1000.0000 100.0000 0.0000
1305 208 1199 Larvae .0160 .0420 0.0000 0.0000
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ZONE 13 - PHILADELPHIA/DELAWARE BAY, PA (Cont.)

STUDY SUB-ZONE MARINE SPECIES ABUNDANCE - INPUT DATA FOR NRDAM/CME MODEL

Wildlife Abundance Tables

Birds
Philadelphia (Port 13) Numbers per Square Kilometer
Port & Species Species Species Spring Summer Fall winter
Subzone Category Code Name Apr-Jun Jul-Sep Oct-Dec Jan-Mar

1301 1 517 Common Loon .7700 0.0000 .0100 .0400
1301 13 531 Gulls 5.6200 .1200 3.8800 3.7300
1301 113 532 Black Legged Kittiwake .0400 0.0000 .0500 .7700
1301 113 533 Terns .1400 .1200 .5200 0.0000
1301 113 534 Cory's Shearwater 0.0000 .3000 .3400 0.0000
1301 113 534 Greater Shearwater 0.0000 .6500 .0100 0.0000
1301 113 534 Sooty Shearwater .0400 .0100 0.0000 0.0000
1301 113 535 Other Jaegers .0100 .0100 .0200 0.0000
1301 113 535 Parasitic Jaeger .0100 0.0000 .0300 0.0000
1301 113 535 Pomarine Jaeger .0200 0.0000 .0700 0.0000
1301 113 535 Skua .0200 0.0000 0.0000 0.0000
1301 13 537 Storm Petrels 6.0800 1.6400 .1000 0.0000
1301 113 538 Northern Fulmar .5000 0.0000 0.0000 0.0000
1301 13 542 Other Phalaropes 4.0500 0.0000 .0200 0.0000
1301 113 542 Red Necked Phalarope .3400 .0200 L4300 0.0000
1301 113 542 Red Phalarope 7.2100 0.0000 0.0000 0.0000
1301 113 547 Northern Gannet 1.5700 0.0000 .2100 .7000
1301 114 583 Manx Shearwater .0100 .0100 .0100 0.0000
1302 11 517 Common Loon .7700 0.0000 .0100 .0400
1302 113 531 Gulls 5.6200 .1200 3.8800 3.7300
1302 113 532 Black Legged Kittiwake .0400 0.0000 .0500 .7700
1302 113 533 Terns .1400 .1200 .5200 0.0000
1302 113 534 Cory's Shearwater 0.0000 .3000 .3400 0.0000
1302 113 534 Greater Shearwater 0.0000 .6500 .0100 0.0000
1302 113 534 Sooty Shearwater L0400 .0100 0.0000 0.0000
1302 13 535 Other Jaegers .0100 .0100 .0200 0.0000
1302 113 535 Parasitic Jaeger .0100 0.0000 .0300 0.0000
1302 113 535 Pomarine Jaeger .0200 0.0000 .0700 0.0000
1302 113 535 Skua .0200 0.0000 0.0000 0.0000
1302 113 537 Storm Petrels 6.0800 1.6400 .1000 0.0000
1302 13 538 Northern Fulmar .5000 0.0000 0.0000 0.0000
1302 113 542 Other Phalaropes 4.0500 0.0000 .0200 0.0000
1302 113 542 Red Necked Phalarope .3400 .0200 .4300 0.0000
1302 113 5642 Red Phalarope 7.2100 0.0000 0.0000 0.0000
1302 13 547 Northern Gannet 1.5700 0.0000 .2100 .7000
1302 114 584 Manx Shearwater .0100 .0100 .0100 0.0000
1303 1M 511 Duck 160.0000 0.0000 160.0000 320.0000
1303 11 512 Coot 1.6000 0.0000 1.6000 3.1000
1303 1" 513 Goose 205.0000 0.0000 205.0000 410.0000
1303 111 514 Swan 20.0000 206.0000 20.0000 20.0000
1303 112 570 Shore Birds 376.0000 144.6000 94.8000 11.7000
1303 113 530 Sea Birds 20.3000 7.6000 8.1000 9.9000
1304 1M 511 Duck 160.0000 0.0000 160.0000 320.0000
1304 1" 512 Coot 1.6000 0.0000 1.6000 3.1000
1304 11 513 Goose 205.0000 0.0000 205.0000 410.0000
1304 m Sté Swan 20.0000 20.0000 20.0000 20.0000
1304 112 570 Shore Birds 376.0000 144.6000 94.8000 11.7000
1304 13 530 Sea Birds 20.3000 7.6000 8.1000 9.9000
1305 mm 511 Duck 161.0000 0.0000 160.0000 320.0000
1305 m 512 Coot 1.6000 0.0000 1.6000 3.1000
1305 " 513 Goose 205.0000 0.0000 205.0000 410.0000
1305 m 514 Swan 20.0000 20.0000 20.0000 20.0000
1305 112 570 Shore Birds 376.0000 144.6000 94.8000 11.7000
1305 13 530 Sea Birds 20.3000 7.6000 8.1000 9.9000
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OVERVIEW

The Candidate VTS Design described in this appendix is one of 23
developed for all the study zones included in the study. This
appendix documents the task performed, under Contract DTRS-57-88-C-
00088 Technical Task Directive 13, as an integral part of the total
Port Needs Study. The ultimate product of this task effort is an
informed preliminary technical assessment of the approximate cost
to the Federal Government to implement and operate a state-of-the-
art VTS system. This appendix does not contain a comprehensive
definition of the VTS operating requirements nor does it propose a
final VTS specification suitable for implementation.

In order to consistently estimate the life cycle costs of a VTS
system in each of the study zones, a "Candidate VTS Design" has
been defined for each study zone using a uniform set of design
criteria. Each study zone Candidate VTS Design is a composite of
generic modules selected from a master list of 18 state-of-the-art
surveillance modules, communications and display technology. Among
the surveillance modules in the master list are several levels of
technical performance from which the selection is made for
application to each study subzone to address the local navigational

surveillance needs and conditions. The Candidate VTS Design in
each study =zone represents a consistent application of the
surveillance modules at the subzone level. The subzone

surveillance technology 1is subsequently integrated into a total
system for the study zone via state-of-the-art communications and
display consoles at the Vessel Traffic Center (VTC) in each zone.

The application of the surveillance modules 1in each subzone
responds to the technical requirements of that subzone as perceived

by the study team. The Candidate VTS Design represents a
preliminary enginee.ing Jjudgement on the appropriate level of
technology in each subzone. The Candidate VTS Design may be

considered as an informed judgement made by the contractor study
team for the sole purpose of developing cost estimates that are
consistent across the 23 study zones and suitable for benefit/cost
comparisons among the study zones and initial budget planning and
implementation priorities. The approach used to calculate VTS
system costs for all 23 study zones 1is found in Volume 1III,
Technical Supplement.
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PORT OF SAN FRANCISCO VTS SURVEY

1.0 S8COPE

This report includes a port survey and a VTS design for San
Francisco, California. The port survey is based on a review of all
pertinent 1literature including navigational <charts. The
methodology used to produce the VTS design entails coupling the
problems identified in the port survey with solutions offered by
state~-of-the-art technology as identified in the VTS Technology
Survey, November 1990. When possible, technological advances which
permit manpower reductions are applied. Not all VTS problems are
amenable to strictly technological solutions; some require changes
in procedures and/or enforcement. These situations are identified
where they occur.

2.0 PORT OF SAN FRANCISCO SURVEY
2.1 INTRODUCTION

This survey report is based exclusively upon review of available
literature and examinatior of the charts for the port and its
approaches. The information thus gained has been evaluated and
interpreted based upon the Survey Team's experience as professional
L«riners and in vessel traffic management systems. The study, in
general terms, encompasses the Ports of the San Francisco Bay area,
the Golden Gate and its seaward approaches, and those portions of
the Bay area waterways covered by the existing San Francisco VTS.

The Survey Area is one of the principal harbors on the Pacific
coast of the United States, and consists of a series of connecting
bays and harbors of which San Francisco Bay, San Pablo Bay and
Suisun Bay are the largest. The area ranks as the fifth largest
port in the U. S. in terms of crude oil handled, and sixth in terms
of refined oil (Reference 1).

The region around the Bay is heavily populated, and this is
reflected in the volume of recreational boating on its waters.
Much of the area inside the entrance is environmentally sensitive
wetlands, and the coastal area of the Approaches supports important
fisheries. Point Reyes, immediately to the north of the entrance,
and the Farallon Islands are designated as a National Marine
Sanctuary to protect and preserve resident birds and mammals.

The >an Francisco Bay area is served by a U. S. Coast Guard (USCG)

operated Vessel Traffic Service (VTS) and an Offshore Vessel
Movement Reporting System (OVMRS).
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2.2 OVERVIEW OF THE PORT

The climate of the San Francisco Bay area is moderate, tempered by
the Pacific Ocean and the water mass of the Bay and its
tributaries. Particularly during the summer months the Bay is
prone to winds which increase in intensity throughout the day and
fall at night. This is because the prevailing onshore flow is
strengthened by the heating and rising of air over the hinterlands
east of the Bay. The effect dies in the evening, as the land mass
cools with the onset of darkness.

Fog is a problem throughout the area particularly in and around the

Golden Gate. Fog is common in summer, occasional in winter and
infrequent during the spring. Conditions during summer can also
combine to cause a semi-permanent fog bank off the coast. The

Coast Pilot shows an average of 4.8 days of fog per month
throughout the year, but its data does not address visibility
inside the Golden Gate. Other reports place the incidence of fog
at about 150 days per year (Reference 2).

The diurnal tidal range at the Golden Gate is 5.8 feet, but a range
of up to nine feet can occur at the times of maximum tides. Tidal
ranges in the inner reaches are as small as three feet. There are
strong tidal currents at various points throughout the area, with

velocities exceeding six knots at some places. Detailed
information is available from the Tidal Current Tables and the
Tidal Current Charts for San Francisco Bay. Current-imposed set

and drift are important navigational factors for Bay shipping.

The approach to the port is through an established TSS which is
well marked by visual aids. In addition, Loran-C coverage for the
approach area is excellent. It should be noted, however, that
topography may create anomalies in Loran-C readings from the Golden
Gate inward. Hazards throughout the Study Area are well marked,
and radar returns from the islands, bridges and the bold north
shore of the Bay provide excellent navigational references.
Currents are significant throughout and must be considered in the
navigational process. Poor visibility occurs frequently enough to
be a significant factor in traffic management throughout the year.
Federal Projects maintain channels inland as far as Sacramento, and
appropriate charts should be consulted for tabulations of depths
and widths.

Pilotage is compulsory for all foreign-flag vessels and U. S. ships
under enrollment with no federal licensed pilot on board. Pilotage
is provided by the San Francisco Jar Pilots, wno handle shipping to
and from all of the ports on San Francisco Bay and its tributaries,
including Stockton and Sacramento. Pilots board inbound ships in
the vicinity of San Francisco Approach Lighted Horn Buoy SF. Pilot
boats guard VHF-FM Channels 10, 13, 16 and 18A, and their office
ashore monitors Channel 10.




Facilities within the Study Area support a wide mix of traffic,

ranging from petroleum ships to passenger vessels. Hazardous
cargoes consist of both industrial material, such as anhydrous
ammonia, and miliary munitions. The Bay area has a considerable

volume of intrabay commercial traffic, including dredges and other
floating plants, and weekend recreational use is heavy. The U. S.
Army Corps of Engineers Port Series Reports provide a detailed
description of the area's facilities and "The Golden Gate Atlas",
published annually by the San Francisco Bay Marine Exchange,
provides an excellent overview of the area's marine activities.

2.3 EXISTING TRAFFIC MANAGEMENT

A significant number of regulations, procedures and facilities
exist for the management of vessel traffic within San Francisco Bay
and its approaches. This report discusses the more significant
management measures. A detailed discussion is contained in the
Coast Pilot (Reference 3).

2.3.1. General Management Problems

Several problems complicate traffic management. Many mariners
report communications congestion of Channel 13, with delays of up
to two minutes while waiting to transmit (Reference 4). Additional
problems are conflict between deep-draft and local vessels
especially small craft failure to yield the right of way to
channel-constrained vessels.

2.3.2 Offshore Vessel Movement Reporting System (OVMRS)

An Offshore Vessel Movement Reporting System, similar to the VMRS
utilized inside the Port, covers the ocean approaches to San
Francisco Bay out to 38 miles offshore. Voluntary in nature, all
deep-draft ships are asked to report their movements to VTS San
Francisco. The VTS guards VHF-FM Channel 16 and works on Channel
12. 8hips are asked to report their type, name, position, route,
speed, and estimated times of arrival (ETA) at designated reporting
points. (See CCGD12 Notice to Mariners No. 46 of 13 November 1986
for designated reporting points, OVMRS limits, and other details.)

2.3.3 Ban Francisco Traffic Separation Scheme (TSS)

An International Maritime Organization (IMO) sanctioned TSS exists
in the ocean approaches to San Francisco Bay, consisting of
Directed Traffic Areas each with one-way inbound and outbound
Traffic Lanes separated by defined S8eparation Zones; a Precau-
tionary Area and a Pilot Boat Cruising Area.

While recommended for ships approaching or departing San Francisco
Ray, the TSS is not intended for tugs, tows, or other small vessels
which traditionally operate ocutside of the usual shipping lanes or
close inshore. Ships which are not calling at San Francisco are
urged to pass the San Francisco Bay approaches to the west of the
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Farallon Islands to avoid crossing the Directed Traffic Areas and
the Precautionary Area.

2.3.4 Traffic Routing S8ystem (TRS)

The TR8 is established in the VTS area seaward of the Golden Gate,
the Main Ship Channel and in San Francisco Bay, north of Hunters
Point and south of Carquinez Strait. The TRS consists of one-way
Traffic Lanes separated by Separation Lines. Traffic proceeds
within the lanes in the direction which holds the Separation Line
on the port side of the vessel. Precautionary Areas, Limited
Traffic Areas (LTA), and Recreation Areas also are included in the
TRS which is not IMO sanctioned.

The VTS encourages use of the Limited Traffic Area south of Yerba
Buena Island by one vessel at a time or by vessels proceeding
generally in the same direction. The VTC carefully monitors and
evaluates deviations particularly for vessels of 300 gross tons or
over and may direct action if meeting and passing situations cannot
be resolved between participants themselves.

The Pinole Shoal Channel in San Pablo Bay is considered to be a
one-way channel whenever an explosive or hazardous material laden
vessel, or a vessel with a draft of over 30 feet, is transiting.

A Deep Draft Route runs eastbound in the westbound lane from east
of the Golden Gate, north of Harding Rock and Alcatraz Island, east
of Blossom Rock, then through C-D or D-E span of the Oakland Bay
Bridge to Anchorage 9. The VTC must be notified by Masters or
Pilots intending to use this route. The VTS will notify other
traffic and may make a Marine Safety Broadcast on Channels 16 and
22A to announce impending deviations in the TRS. U.S. Coast Guard
(USCG) escorts may be provided during periods of heavy traffic
congestion.

2.3.5 YVessel Traffic Service, 8S8an Francisco

VTS San Francisco serves San Francisco Bay, its seaward approaches
and its tributaries inland to Stockton and Sacramento. The Vessel
Traffic Center (VTC) associated with the VTS is continuously manned
by the Coast Guard. The VTS maintains communications with vessels
via VHF-FM (Channel 13) and monitors the position and movement of
vessels by position reports and radar. Vcice radio communications
forms the backbone of VTS operations.

The VTS is voluntary and is recommended for all vessels over 300
Gross Tons (GT) and other vessels subject to the Vessel Bridge-to-
Bridge Radiotelephone Regulations (Reference 5). Participation in
the VTS is mandatory under certain conditions of weather and for
dangerous cargoes, and may become a mandatory system in the near
future. Recreational craft are asked to monitor VHF-FM Channel 13
to obtain vessel movement information of interest to them.
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The VTS assists mariners by providing advice, helping to insure
that unavoidable meetings and crossing situations take place under
the most favorable conditions, by relaying navigational safety
information, and by encouraging the mutual planning for meetings
and crossings via bridge~to-bridge radiotelephone.

Part of the VTS area is covered by radar and part is not, thereby
requiring different procedures to be followed depending upon where
a vessel is located. The radar surveillance area comprises the
traffic lanes of the San Francisco TSS (see 2.3.3 above), the main
ship channel through Golden Gate, and the central part of San
Francisco Bay south of Point San Pablo and north of the San Mateo-
Hayward Bridge. Within the radar surveillance area vessels are
automatically tracked and are asked to report to the VTC by
radiotelephone:

When entering the surveillance area from seaward or when
getting underway from within the area;

When passing under any bridge within the area, upon completion
of a pilot change or other change in person directing movement
of the vessel;

When previously reported conditions or intentions change;
When intending to deviate from the TSS or VTS;
In emergencies;

And to report any condition considered to be a hazard to
navigation.

In addition to the significant portion of the VTS area of respon-
sibility that is not covered by radar surveillance, there are
numerous radar blind spots due to shadowing by the various islands.
The VTS requested that radar surveillance be extended into San
Pablo Bay from San Pablo Strait through Carquinez Strait to the
Benicia~Martinez Bridge. This would include Pinole Shoal Channel.

North of Point San Pablo and south of the San Mateo-Hayward Bridge
there is no radar coverage and the VTS depends upon the Vessel
Movement Reporting System (VMRS) which utilizes radiotelephone
reporting by participating vessels. Participants are asked to
report to the VTC:

When preparing to get underway from within the area;

When actually getting underway;
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In the northern portion of the area at Point San Pablo,
Carquinez Bridge, the Southern Pacific Railroad Bridge across
Carquinez Strait, New York Point, Rio Vista Bridge across the
Sacramento River, Sacramento River Deep Water Ship Channel
Light 51, Sacramento, Antioch Bridge across the San Joaquin
River, Prisoners Point, and Stockton;

When entering or 1leaving the Petaluma River entrance
channel or Mare Island Strait;

In the southern portion of the area at Hunters Point, San
Mateo-Hayward Bridge;

When previously reported conditions change;
In emergencies;

And to report any condition considered to be a hazard to
navigation.

The VTS administers the anchorages in the VTS area on behalf of the
USCG Captain of the Port (COTP), San Francisco pursuant to Title
33, Code of Federal Regulations, Section 110.224. The VTC observes
the anchorages with radar, plots vessel positions from time to
time, reports observed problens, and provides |‘'reasonable
assistance" to pilots when anchoring. The VTS accepts Title 33
compliance reports.

The VTS is divided into two Sectors, each with a control position
in the VIC. The "Offshore Sector" Extends beyond the Precautionary
Area surrounding Sea Buoy "SF" 40 miles north to Bodega Head, 30
miles south to Pescadero Point and out 30 miles from “SF".
communications on VHF-FM CH12 1In this area, the Sector Operator
utilizes the Point Bonita radar to track vessels through much of
the offshore area. The "Offshore Sector" is responsible for
handling the OVMRS which is relied upon for managing the traffic
outside radar coverage. Traffic management within the Precaution-
ary Area is the responsibility of the Offshore Sector. This Area
is unique in that is represents the transition of Sectors and a
change in the VTS communications Channel from 12 to 13.

The "Inshore Sector" extends from the Precautionary Area through
the South Bay to Redwood City and north to the Ports of Stockton
and Sacramento. In the area between the Richmond-San Rafael Bridge
and the San Bruno Bridge, the Sector Operator utilizes the Yerba
Buena Island (YBI) and the Point Bonita radars to track vessels. In
the area south to Redwood City and from the Richmond Bridge north
to Sacramento and Stockton, the Vessel Movement Reporting System
(VMRS) is utilized to manage traffic. The Inshore Sector also has
responsibility to be cognizant of what is occurring in the "“SF"
thereby facilitating the handoff.
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The VTC exchanges all "traffic" information with active VTS par-
ticipants on Channel 13. Recreation vessels and other "non-
participants" are encouraged to monitor Channel 13, if so equipped,
otherwise to use Channel 16 to call the VTC and shift to another
VTS Channel (ie, Channel 12). Channel 12 also is used to receive
OVMRS reports. The VTC does not maintain Channel 16 gquacd for
active participants.

Low power level transceiver sites appropriately located through the
VTS area would reduce interference on all channels and permit
occasional Channel 13 communications with participants without
interfering with bridge-to~bridge communications throughout the Bay
Area.

Vessel Status Cards are initiated for each participant and are
physically 1located on the radar consoles relative to their
approximate positions in the Bay. Special cards and notations are
used for multi-trip participants, vessels moving contrary to the
established traffic rules, and other purposes.

The VTS imposes special rules (some with COTP authority) for
conditions such as low visibility, non-standard procedures, Deep
Draft Vessels, Special Interest Vessels (SIV), and vessels carrying
hazardous cargoes.

A Status Board is maintained in the VTC to keep track of VHF-FM
equipment status, anchorages, telephone numbers, moored vessels,
scheduled arrivals/departures, SIV's and weather information.

During periods of heavy fog between the Sea Buoy "SF" and Alcatraz
Island, and when there is shipping in that area, a separate "Fog
Watch" Sector is activated with a dedicated PPI for tracking and
managing traffic in that area(s). All vessels within the fog-bound
area are treated as though they are Participants in the VTS,
thereby temporarily creating a Mandatory VTS.

2.3.5.1 BExisting VT8 Technology

Two radars provide surveillance. One, located at Point Bonita
outside the entrance to the Golden Gate, covers the South, Main and
North Approach Channels, the seaward Precautionary Area and the
Main Ship Channel traffic lanes to the Golden Gate. This radar is
a modified AN/SPS-64 (V) shipboard type radar. The second radar,
an AN/FPS-121, 1is installed in duplicate at YBI and covers that
portion of the VTS Area north of the San Mateo Bridge and south of
Point San Pablo. Radar video is sent back to the VTC via microwave
and displayed on Raytheon RAYCAS (Raytheon Collision Avoidance
System) V displays.
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A few years ago the original AIL VTS radars were replaced with
modified shipboard Raytheon radars.

Recently, Closed Circuit Television (CCTV) cameras have been
installed atop the tower at Yerba Buena Island (near VIC). One of
the cameras 1is a Low Light Level (LLTV) type. These cameras
reportedly have provided the VTC with valuable surveillance
information on traffic moving in the Limited Traffic Area (LTA) of
Oakland's Inner and Outer Harbor Entrance Channel. CCTV video is
sent to the VTC via a microwave link. Additional CCTV coverage has
been requested for the confluence of Mare Island Strait and Car-
quinez Strait, for the reach between the Benicia and Southern
Pacific Bridges to Pittsburgh, and for the Pinole Shoal Channel.

The Vessel Traffic Center (VTC) maintains VHF~-FM radio communica-
tions for the entire VTS on Channels 12, 13, and 16 from four

separate transmitting/receiving sites. A pair of 6 channel
transceivers on CH12, CH13, CH16. CH18A, CH21A and CH22A with guard
receivers on CH13 and CH16 are installed at each site. They are

controlled from the VTC through Motorola Centracom units in the
Sector and Supervisor consoles. Although these transmitters should
be capable of operating on low (l-watt) power, it cannot be
confirmed that the VTC utilizes them in that mode.

These high level VHF-FM sites are:

Yerba Buena Island (VIC): provides communications for the YBI
radar coverage area which is from the Pilot area to San Pablo
Bay. The VTC backup generator provides emergency power.

Mt. Tamalpais: provides OVMRS communications and is backup for
other sites. Emergency power is provided by the Army Corps of
Engineers facility.

Point Bonita: provides communications for OVMRS, the Pilot
area and central San Francisco Bay. A backup generator
provides emergency power.

TV Hill: located east of Suisun Bay near the Naval Ammunition
Facility at Port Chicago provides communications for the VMRS
area at the end of San Pablo Bay and for the Ports of Stockton
and Sacramento. A backup generator provides backup power.

The VTC exchanges all "traftic" information with active VTS par-
ticipants on Channel 13. Recreation vessels and other "non-
participants'" are encouraged to monitor Channel 13 1if so equipped
otherwise to use Channel 16 to call the VITC and shift to another
VTS Channel (ie, Channel 12). Channel 12 also 13 used to receive
OVMRS reports. The VTC does not narintain Channel 16 guard for
active participants.




In the VTC, five standard (non-raster scan) radar PPI's are
available for use by the watchstanders/supervisor, in addition to
the newer CCTV displays and controls. There normally are two
watchstanders and one supervisor on watch in the VTC. The watch
force is a mixture of military and civilian. One Sector operator
(a GS-9 or Petty Officer) handles the Central Bay, utilizing VHF-FM
CH13. The other Sector operator is the Offshore (OVMRS) Controller
and utilizes VHF-FM CH12, CH13, and CH16. The Supervisor position
is manned by a commissioned officer, Chief Petty Officer or a GS-11
civilian employee. A Dictaphone 9000, 20-channel audio tape
recorder is 1installed in the VTC to record the VHF-FM voice
channels as well as telephone conversations.

2.3.6 Narrow Channels and Fairways

The Captain of the Port (COTP) has identified specific areas which
are considered to be narrow channels or fairways for the purpose of
enforcing the International and Inland Rules of the Road. While
the listing is not exhaustive it does serve to identify deep-draft
navigation areas where small craft can impede the safe transit of
larger vessels if care is not exercised. Narrow channels, COLREGS
Rule 9 applies. The listing is published in the Coast Pilot
{Reference 6).

2.3.7 8pecial Anchorage Rule

The COTP has ordered that all ships greater than 300 GT anchored in
San Francisco Bay must maintain a radio listening watch on Channel
13 when the wind velocity exceeds 20 knots, or on Channel 16 if
Channel 13 is not available. The watch must be maintained by
English-speaking personnel. Vessels are prohibited from anchoring
in the navigable waters outside established anchorages except in
emergency and then must stay clear of all traffic lanes. The
deeper portions of anchorages are reserved for deeper draft ves-
sels.

2.3.8 Local Authorities

The Port of San Francisco 1is under control of the City of San
Francisco, which exercises jurisdiction through Port-issued Harbor
Regulations.

2.3.9 Carriage of Explosives and Certain Hazardous Bulk Cargoes

In addition to regulations established e.sewhere, the COTP has
issued supplemental regqgulations to govern ships carrying Class A or
Military explosives and certain hazardous bulk cargoes. Those
carrying a net explosive weight exceeding 100 tons for ships and 5
tons for barges may be escorted by the Coast Guard while within the
Bay. Transits will not be made at speeds over 12 knots, nor will
transits be made when the visibility is less than one mile. 24
hour notice of arrival 1is required and the ships/barges shall
participate 1n the VTS and adhere to the TSS.
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2.4 VESBEL TRAFFIC

One source of statistics, which counted only traffic to Richmond
and the Carquinez Strait area, placed San Francisco Bay as the
fifth largest handler of crude o0il in the United States and sixth
largest of petroleum products (gasoline, Jjet fuel and fuel oil,
Reference 7).

Extensive statistics are maintained by the San Francisco Bay Marine
Exchange. Although a review of their data indicates that there may
some duplication, with the possibility that arrivals at anchorages
appear again as arrivals at specific ports, the resulting
distortion should not significantly change its traffic management
implications. Overall, commercial and government ship arrivals for
the Bay area stand at about 4000 per year and have remained at or
near that plateau for several years.

Distribution of those arrivals by location within the Bay area is
critical to traffic management planning and, based upon historic
data it seems clear from that data that, in descending order of
priority, attention should focus on the following:

1. The Main Ship Channel and Golden Gate Channel, since all
deep-draft traffic transits them.

2. Anchorages throughout the Study Area.
3. The Port of Oakland, and its approaches from Golden Gate.

4. Carquinez Strait and Suisun Bay, together with their
approaches from Golden Gate.

5. The Port of Richmond, including the facilities either side
of the Richmond-San Rafael Bridge, together with the
approaches from Golden Gate.

6. The Port of San Francisco, and its approaches.

(Note: Traffic bound for several of these areas combine,
thereby increasing the volume in their common approaches.)

Approximately 25% of the arrivals are tankers, and 10+% appear to
be container ships. In addition to this traffic, records of the
San Francisco VTS show about 6800 intrabay moves per month. Some
65% of the intrabay traffic consists of passenger ferries.

NN-10




2.5 ENVIRONMENTAL S8ENSITIVITY

The entire Study Area, including thc seaward approaches, must be
considered as environmentally sensitive, and there is high public
interest in maintaining or improving the ecosystems of San
Francisco Bay.

In the approaches, the Point Reyes area and the Farallon Islands
form a National Marine Sanctuary administered by the National
Oceanic and Atmospheric Administration (NOAA). Within the Bay the
northern and southern reaches contain wetlands of marked importance
to migratory aquatic birds and the Bay supports small but important
fisheries. The Marin Peninsula emphasizes the quality of 1life
created by its waterfront, and there is heavy recreational use of
the entire area.

The "Worst Case" pollution incident is probably a massive spill of
crude oil as the result of a collision of a tanker and another
vessel, although the same results are possible from a grounding on
one of the rocks located throughout San Francisco Bay. Tidal
action and the strong currents can complicate containment and
permit both natural and human habitats to be affected. Although
less likely because of the precautions taken, the catastrophic
detonation of a munitions ship could potentially have major impact
upon populated areas.

2.6 PORT SUB-ZONES

The port was examined to determine appropriate sub-zones, using a

methodology based upon the "confined-complex", "open-complex",
"confined~-simple" and "open-simple" system employed by the Canadian
VTS study in 1984 (Reference 8). Briefly stated, "open" and "con-

fined" address the influence of geography upon a ship's ability to
maneuver and "simple" vs "complex" is descriptive of the nature of
the interactions between ships within those geographic areas. This
basic matrix was overlaid by a subjective assessment of appropriate
traffic management/risk amelioration measures in order to derive
sub-regions within which VTS needs are homogeneous.

2.6.1 Sub-Zone I -- Ocean Approaches. (NOAA Charts 18020 & 18640)

This sub-zone is defined to seaward by a line between the following
points: Bodega Head Light, 38%-10'N 123%-30'w, 37°-50'N 123%°-30'w,
379-11'N 122°-50'W, Pescadero Point Light. The inshore limit is a
line connecting Point Reyes Light, Farallon Islands Light and Point
Montara Light.

This sub-zone approximately corresponds to the present Offshore
S8ector of the San Francisco VTS and the region covered by the
Of fshore Vessel Movement Reporting System. Coastwise shipping not
calling at San Francisco will, if they follow the guidance in the
Coast Pilot (Reference 9), generally remain to seaward of Sub-
Zone T.
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Traffic management requirements within this sub-zone can be met
through reporting procedures, coupled with acquisition of inbound
traffic by surveillance sensors prior to passing into Sub-zone II.
Automatic Direction Finder (2DF) capability will assist in the
identification and acquisition process.

The sub-zone is classified as "open-simple."
2.6.2 8ub-Zone II -- Gulf of the Farallons (NOAA Chart 18640)

This sub-zone is defined to seaward by the limits of Sub-zone I (a
line connecting Point Reyes Light, Farallon Islands Light and Point
Montara Light), and inshore by the COLREGS Demarcation Line at the
entrance to Golden Gate.

The sub-zone includes all of the San Francisco TSS, the Pilot
Boarding Area, and the beginning of the additional TSS serving San
Francisco Bay. The VTS should be capable of providing positional
assistance, if required, and of facilitating a smooth and safe
traffic flow through the TSS Precautionary Area.

The sub-zone is considered "confined-complex." The confining
restrictions imposed upon maneuvering are the strictures of the
TSS, and complex interactions are possible within the Precautionary
Area.

2.6.3 8ub-Zone III -- San Francisco Bay (NOAA Chart 18649)

This sub-zone is defined on the west by the COLREGS Demarcation
Zone at the entrance to the Golden Gate. The northern boundary is
formed by the Richmond-San Rafael Bridge and the southern limits by
a line between the Coit Tower (San Francisco) and the cupola on
Treasure Island. Those portions of the Port of Richmond south of
the Richmond-San Rafael Bridge are included in the sub-zone.

The southern limits of the sub-zone north of the Oakland Bridge
were placed to insure that the entrance to the Port of Oakland did
not fall into two sub-zones.

Important management requirements within this sub-zone include the
capability to manage the anchorages, including surveillance and
position-fixing of ships within them; to provide navigation
assistance to vessels within the TSS; and to facilitate the smooth
and safe flow of traffic through the TSS and its Precautionary
Area.

The sub-zone is considered "confined-complex."
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2.6.4 B8ub-Zone 1IV. San Pablo Bay. (NOAA Charts 18649, 18654,
18656)

This sub-zone is defined to the south by the Richmond-San Rafael
Bridge and to the east by a line drawn due south from Dillon Point.
It includes Mare Island Straits, that portion of the Port of
Richmond above the Richmond-San Rafael Bridge, and a portion of
Carquinez Strait.

The eastern boundary was deliberately established at Dillon Point
to include the critical area around the Interstate Route 80 Bridge
and the Mare Island Strait junction within a single sub-zone.

Important requirements within this sub-zone include the capability
to manage the anchorages, including surveillance and position-
fixing of the ships within them; to provide navigation assistance
to vessels within the TSS; and to facilitate the smooth and safe
flow of traffic to and frcom the port facilities within the sub-
zone.

The sub-zone is considered "confined-complex."
2.6.5 Bub-Zone V -- cCarquinez S8trait/suisun Bay. (NOAA Chart
18656)

This sub-zone lies between a line drawn due south from Dillon Point
and 121%-50'Ww.

The primary management concerns in this sub-zone is the management
of traffic through the narrow Project channels within it.

The sub-zone is considered "confined-complex."
2.6.6 8Sub-Zone VI -- Sacramento River. (NOAA Chart 18661)

This sub-zone consists of that portion of the Sacramento River and
associated waterways east of 121°-50' W.

The sub-zone is one of light deep-water traffic and can be managed
under normal conditions by reporting procedures and information
management .

The suk-zone is considered "confined-complex."

2.6.7 8ub-2Zone VII -- Lower S8an Francisco Bay. (NOAA Chart 18650
and 18651)

This sub-rone consists of that portion of San Francisco Bay lying

between a line between the Coit Tower (San Francisco) and the
cupola on Treasure Island, and the San Mateo-Hayward Bridge.
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Important management requirements within this sub-zone include the
capability to manage the anchorages, including surveillance and
position-fixing of ships within them; to provide navigation
assistance to vessels within the TSS; and to facilitate the smooth
and safe flow of traffic to and from the port facilities within the
sub-zone.

The sub-zone is considered "confined-complex."
2.6.8 8ub-Zone VIII ~-- Redwood Creek. ({NOAA Chart 18651)

This sub~zone includes that portion of San Francisco Bay and its
tributaries lying south of the San Mateo-Hayward Bridge.

The sub-zone is one of light deep-water traffic and can be managed
under normal conditions by reporting procedures and information
management.

The sub-zone is considered "confined-complex."
2.7 PROBLEM AREA IDENTIFIERS
2.7.1 PAI II-1. Precautionary Area

The Precautionary Area is the point of convergence of the three TSS
routes to and from sea, and the main channel to Golaen Gate. 1In
addition to the convergence, near-center of the Precautionary Area
is also the pilot boarding area. VTS capabilities should include
provision of position-fixing assistance, if required; and the
ability to assist the smooth and safe melding of traffic.

2.7.2 PAI III-1. Alcatraz Shoal

The area between the Marin Peninsula and San Francisco in the
vicinity of Alcatraz Shoal is, in addition to being the main deep-
water route to and from sea, crossed by ferries and local San
Francisco-Marine County traffic. The northern ana southern
portions contain designated '"recreational areas", heavily used by
recreational boaters, and these 1inevitably intrude into the
shipping lanes. Tour boats and sightseeing excursions, i =-luding
trips to Alcatraz Island increase the potential fcr interaction
between vessels. Ferries operating between Piers 41 «ad 43 1/2 and
Marin County (Sausalito and Tiberon) also transit this area. An
eastbound deep-draft route uses the westbound traffic lane through
a portion of this PAI.

VTS capabilities should include provision of position-fixing
assistance, if required; and the ability tec assist the smooth and
safe movement of traffic. The ability to identify vessels over 300
ST intruding into recreational areas, or small craft which intrude
upon narrow fairways or channels.

NN=-14




2.7.3 PAI III-2. Precautionary Area

The Precautionary area east of Alcatraz Island is the junction of
the three principle deep-water channels serving the Bay area. An
eastbound deep-draft route uses the westbound traffic lane through
a portion of this PAI. Commuter ferries operating between the San
Francisco Ferry Terminal and Vallejo, Larkspur and
Tiberon/Sausalito transit this area.

VTS capabilities should include position-fixing assistance, if
required; and the ability to assist the smooth and safe movement of
traffic. The ability to identify vessels over 300 GT intruding
into recreational areas, or small craft which intrude upon narrow
fairways or channels.

2.7.4 PAI III-3. Kkaccoon Strait

Raccoon Strait 1s a recreational area, closed to vessels over 300
GT, and vessels within it are in a radar shadow with respect to
north- and southbound ships using the Precau*ionary Area-San Pablo
point legs of the Traffic Routing system. Commuter ferries
operating between the San Francisco Ferry Terminal and Larkspur
transit this area.

The VTS should possess the capability to detect vessels within
Raccoon Strait which may impinge upon the TRS, and will ideally
possess the ability to identify shipping over 300 GT using the
Strait in violation of its recreational area designation.

2.7.5 PAI III-4. Southampton Shoal Channel

Southampton Shoal Channel is 66G0' in width throughout its length
and 1s used by shipping to and from the facilities of the Port of
Richmond.

VTS capabilities should include provision of position-fixing
assistance, if required; and the ability to assist the smooth and
safe movement of traffic. This includes queuing ships in- and
outbound from Richmond facilities, if required.

2.7.6 PAI III-S5. Paradise Cay

The TRS east of Paradise Cay contains a significant course change
and, for northbound traffic, the approach to the Richmond - San
Rafael Bridge.

VTS capabilities shculd include provision of position-fixing
assistance, if required and the ability to assist t = smooth and
safe movement of traffic. This includes queuing ships in- and
outbound through this section of the waterwvay, if required.

HNN-15




2.7.7 PAI III-6. Point Potrero Turn

The Point Potrero Turn, within the Port of Richmond, requires
considerable maneuvering and tug assistance for large ships to
negotiate. Deep-draft ships should not meet at the turn, and
smaller traffic should be kept c¢lear of maneuvering ships.

VTS capabilities should include provision of position-fixing
assistance, if required; and the ability to assist the smooth and
safe movement of traffic. This includes queuing ships 1in- and
outbourd through this section of the waterway, if required.

2.7.8 PAI IV-1. Point San Pablo

The TRS between the Richmond-San Rafael Bridge and Point San Pablo
offers some nravigational challenges: Southbound shipping must
negotiate a course change and ship for passage beneath the bridge;
and northbound traffic must stay within the proper lane while
shaping for Pinole Channel and clearing the hazards of Invincible
Rock, Whiting Rock and The Brothers. Ships may also be maneuvering
to make and clear facilities at Point San Pablo, Molate Point and
Castro Point. Commuter ferries and excursion trips operating
between Vallejo and San Francisco (Ferry Terminal and Piers 41, 43
1/2) transit this area.

VTS capabilities should include provision of position-fixing
assistance, if required, and the ability to assist the smooth and
safe movement of traffic. This includes queuing ships in- and
outbound through this section of the waterway, if required.

2.7.9 PAI IV-2. Pinole Shoal

The VTS treats the Pinole Channel as one-way for the transit of
ships drawing over 30', and for those carrying explosives or
hazardous material. Commuter ferries and excursion trips operating
between Vallejo and San Francisco (Ferry Terminal and Piers 41, 13
1/2) transit this area.

VTS capabilities should include provision of position-fixing
assistance, if required, and the ability to assist the smooth and
safe movement of traffic. This includes queuing ships in- and
outbound through this section of the waterway, if required.

2.7.10 PAI IV-3. Mare Island Junction

"The confluence of Mare Island Strait and Carquinez Strait is a
major choke point. It screams for radar and CCTV coverage. There
are crossing ferries, trawling fishermen, dredge disposals,
recreational boaters, submarine tratfic, and tankers moored at
Oleum dangerously close to the main stream. Carquinez Strait is a
tricky passage. Currents are swift; recreational fishermen often
anchor in the channel; and chips rust shape up quickly to clear the
Benicia and Southern bPacirtic Bridges." (Referonce 10). Commuter
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ferries and excursion *rips operating between Vallejo and San
Francisco (Ferry Terminal and Piers 41, 43 1/2) transit this area.

VTS capabilities should include provision of position-iixing
assistance, if required, and the ability to assist the smooth and
safe movement of traffic. This includes queuing ships in- and
outbound through this section of the waterway, if required.

2.7.11 PAI V-1. Roe Island Channel

The area to which this PAI applies represents a difficult stretch
of channel, with strong currents and is subject to heavy fog during
the winter months.

Although much of the channel 1is too narrow for navigational
assistance 1in terms of cross-track 1location, an along-track
assistance capability will contribute to queuing, if that is
required. Surveillance will provide the capability to furnish
shipping with information necessary to prevent surprise encounters.

2.7.12 PAI V-2. Pittsburg

The PAI represents a difficult stretch of channel, with strong
currents and one subject to heavy tule fog during winter months.
It is also a junction point where traffic flows separate and merge.

Although much of the channel 1is too narrow for navigational
assistance in terms of <cross-track 1location, an along-track
assistance capability will contribute to queuing, if that is
required. Surveillance will provide the capability to furnish
shipping with information necessary to prevent surprise encounters.

2.7.13 PAI VII-1. Oakland Junction

A Limited Traffic Area exists south of Yerba Island that should be
used by only one major vessel at a time or by vessels proceeding
generally in the same direction, thus reducing the potential for
interactions between vessels at or near the entrances to Oakland
and Alameda. An eastbound deepdraft route between the sea and
General Anchorage No. 9 uses the westbound traffic lane through a
portion of this PAI. Heavy recreational boating exists in this
PAI, especially during weekends. Commuter ferries operating
between the San Francisco Ferry Terminal and Oakland-Alameda
transit this area.
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VTS capabilities should include provision of position-fixing
assistance, if required; and the ability to assist the smooth and
safe movement of traffic. This includes queuing ships in- and
outbound to and from Oakland and Alameda, if required.

2.7.14 PAI VII-2. Oakland Middle and Inner Harbors

The present VTS commanding officer considers the capability to keep
the Inner and Middle harbors of Oakland essential to providing
pilots and ships moving within the Port of Oakland properly
advised.

Although channels are too narrow for navigatiuviial assistance in
terms of cross-track 1location, surveillance will provide the
capability to furnish shipping with information necessary to
prevent surprise encounters.

3.0 PORT OF SAN FRANCISCO VTS DESIGN

3.1 INTRODUCTION

A detailed survey of the Port of San Francisco is the basis for
this design. An approach to costirg VTS systems is outlined in
Vol. 1III, Technical €Supplement ard a method of categorizing
surveillance sensors into "modules" has also been developed. These
modules are defined in terms of cost and performance and are to be
applied to all VTS designs in this study. The applicability of
Automatic Dependent Surveillance (ADS) technology is also discussed
in this report. The eight sub-zones defined in the harbor survey
remain the samne.

Traffic management requirements for each sub-zone are developed
from PAI analysis. Table 3-1 lists in tabular form a summation of
the problems identified and the management required by sub-zone.

The hardware and software selected for this design provide the
level of surveillance justified by the problems identified in each
sub-zone. A secondary consideration is to locate all VTS assets so
that they are sufficient for the sub-zone in question and can
contribute to adjoining sub-zones to achieve maximum usage. All
specific equipments are then selected based on perceived
surveillance requirements and overall VTS system architecture.
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TABLE 3-1.

SAN FRANCISCO, CA PROBLEM AREA IDENTIFIERS

PAI LOCATION PROBLEM MANAGEMENT
I Ocean Approaches | Potential vessel Have real-time
interactions knowledge of both
participant and non-
participant locations
and movement. Be able
to correlate all
movement, provide
movement management
advice. Identify
inbound radar
targets.
II Gulf of the Potential congestions and | Same As Above plus
Farallones dissimilar traffic provide navigational
assistance.
III San Francisco Congestion, random Same As Above. Manage
Bay movements, dissimilar anchorages.
traffic and non-
participants. Traffic
gqueuing to and from
Richmond may be required.
Anchorage management
required.
v San Pablo Bay Congestion, dissimilar Same As II Above.

traffic, large numbers of
non-participants.
Anchorage management
required.
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TABLE 3-1. SAN FRANCISCO, CA PROBLEM AREA IDENTIFIERS (Cont.)
PAI LOCATION PROBLEM MANAGEMENT
v Carquinez Narrow channels introduce | Have real-time
Strait/Suisun risk of incidents knowledge of both
Bay especially during low participant and non-
visibility. participant locations
and movement. Be able
to correlate all
movements, provide
movement management
advice.
VI Sacramento River | Narrow channels introduce | Have knowledge of
risk of incidents. participant movement.
Be able to correlate
these movements,
provide management
advice and alerting.
VII Lower San Congestion, random Same As V Above plus
Francisco Bay movements, dissimilar manage anchorages.
traffic and non-
participants. Anchorage
management required.
VIII | Redwood Creek Movements into SZ VII Same As VI Above.

must be introduced into
the VTS system.
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3.1.1 VT8 Design Approach

The choice of surveillance sensors is dependent on the VTS mission.
For the purposes of this design, the VTS mission is defined as that
which insures the safety of navigation and the protection of the
environment. In order to accomplish this mission, mandatory
participation of all vessels over 20 meters 1is essential. The
Vessel Traffic Center (VTC) must provide navigation safety advice
to all vessels. The VTS 1in the United States will have no
facilitation of commerce role nor will it offer piloting assistance
of any kind.

The primary criteria for selection of adequate surveillance sensors
are:

o Percentage of vessels of the desired minimum size
detected in designated surveillance areas

o Percentage of lost tracks
o Accuracy of the position and track obtained

o Reliability of the surveillance system
o Timeliness of the data obtained

o Ability to interpret and usc the data obtained
Secondary criteria are:

o Cost of the VTS system -- reduction of manpower by the use
of technology

o Expandability -- increased VTS responsibility, area,
and/or support of other missions

Active surveillance sensors including radar, communications, and
closed circuit television (CCTV) installations are used when
detection and tracking of vessels is paramount to providing safety
advice. These devices are considered fail safe in that it is known
with certainty when they have failed. The performance
characteristics of these sensors are known from operational VTS
worldwide experience. In this design they are selected to assure
that the necessary operational criteria identified for each sub-
zone is realized.

Many dependent surveillance techniques are possible. These range
from voice radio reporting of required VTS data to automatic
position and identification recording devices that «can be
interrogated from shore known as Automatic Dependent Surveillance
(ADS) devices. The position and/or movement reporting torm of
dependent surveillance is usea extensively in existing VTS systems.
The major regions of current use are those which do not require
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active surveillance. To apply ADS technology to a specific sub=-zone
within a VTS zone the following additional criteria must be
considered:

0 The number and class of vessels interacting in the sub-zone
and which of these interactions are important to the VTS
mission. Obviously all vessel classes of interest must be
appropriately equipped. This requires that all vessels of the
classes selected which will ever pass through this sub-zone
must be equipped with an ADS device. This requirement to
detect so many different vessels argues against the use of
ADS. 1In areas where only one class of vessel is of interest,
ADS is more easily implemented.

o The interactions or transits to be monitored must not
demand that the surveillance be fail safe, i.e. positively
detecting failures. This type of surveillance is related to
position reporting in that it may not always function or be
used properly and the VTS has 1limited control over its
operation.

o It must be determined that if active surveillance is not
justified, the additional information obtained from ADS over
position reporting is necessary.

o If the class or group of vessels to be monitored is a
"controllable" group, ADS can be easily implemented and
satisfactory operation more readily achieved. Controllable
means a clearly defined subset of vessels, e.g. a specific
barge company; vessels carrying a specific cargo, etc.

o The number of different vessels in each class of
interest that passes through the sub-zone in question must be
determined. This number must be known to accurately estimate
the cost of selecting this o»ption for this sub-zone.

o A specific ADS solution for one sub-zone in one harbor may
affect all the VTS designs for all the other sub-zones in all
the other harbors.

3.1.2 Assumptions

The design of this VTS system starts with a set of assumptions
based on the detailed survey and other data. These assumptions are
as follows:

o As recommended by the IMO, all vessels of 20 meters or
more in length are required to participate in the VTS.
Participation is defined (at a minimum) as monitoring the
VTS frequency and reporting as required.
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o The VTS system is implemented with the cooperation and
assistance of the port authorities, pilots associations,
and marine exchange, if any. The existing facilities,
services, and procedures established and operated by
these organizations are major elements of an integrated
VTS system as defined in the IMO VTS Guidelines.

o The life-cycle of all system hardware is ten years.
3.2 DEBIGN DECISIONS (FIGURE 3-1)
3.2.1 General
Examination of the traffic levels, geographical features and
identified problem areas in this port leads to the following
selection and location of sensor hardware.
3.2.2 Hardware Location and 8Selection
Module 3 radar
Module 4 radar

Module 13 MET
Module 16 DF

Point Bonita Site

N

Module 10 VHF
Module 11 VHF

Mt. Tamalpais Site

e

3.2.2.2 SBub-Zone III
Richmond Site 1 Module 18 CCTV
1 Module 10 VHF
1 Module 13 MET
3-2.203 BUD-ZODO IV
Point San Pedro Site 1 Module 1 radar
1 Module 10 VHF
1 Module 13 MET
Mare Island Site 1 Module 1 radar

1 Module 10 VHF
1 Module 11 VHF
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3.2.2.4 8ub-Zone V

Martines Site 1 Module 1 radar

Suisun Bay Site 1 Module 1 radar
1 Module 10 VHF
1 Module 13 MET

3.2.2.5 8ub-Zone VI

Rio Vista Site 1 Module 10 VHF

Sacramento Site 1 Module 10 VHF

Module 10 VHF
Module 11 VHF

Vorden Site

S

3.2.2.6 8ub-Zone VII

Module 1 radar
Module 2 radar
Module 10 VHF
Module 12 MET
Module 14 HYD

Yerba Buena Site

T

3.2.3 Vessel Traffic Center

The design of the hardware and software should be modern and
capable of operating with reduced staff levels and no loss of
effectiveness. Two watchstanders and a watch supervisor with
integrated data workstations and decision aiding software can
effectively manage the activity in this port. This Vessel Traffic
Center concept demands that the watchstanders be separated from any
other harbor/port information requests. The Center must be
structured so that such requests are controlled by a bulletin board
type interface. One Commanding Officer, one Executive Officer and
one clerk are also required fcr the proper administration of the
facility.

The Vessel Traffic Center is located on Yerba Buena Island in a
location with good visual surveillance of the San Francisco Bay.
The center is to employ the following equipment:

3.2.3.1 vT8 Console

This console provides total data integration from all sensors in
all sectors. Thece data are graphically shown cn raster scan, high
light 1level, color displays. A data display is also provided.
Console design architecture is general purpose computer based, open
architecture, bus organized, allowing operation of the system as a
local area network (LAN). Data interchange with other facilities
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by modem is provided as well as interface with the U.S. Coast Guard
standard terminal. The design allows board level modification and
expansion. Features of the software and hardware provided are:

o Software written in a high level language.

o Software providing the total integration of data from all
VTS sensors.

o Layering of data in at least four layers to be operator
selectable.

o The ability to sector data including sector to sector
nandoff of targets.

o The ability to accept external digital data derived from
transmissions of shipboard transponders or other sources and
integrate the information with all other sensor data.

o Automatic and/or manual acquisition of radar targets
including automatic tracking and target ID assignments. Guard
zones with automatic acquisition of all targets entering the
zone.

o Several warning levels of vessel interaction designed to
direct attention to developing situations rather than a simple
CPA alarm strategqgy.

0 Complete vessel monitoring and alarm capability including
anchor watch, CPA, TCPA, track history, adjustable target
velocity vectors, restricted area penetration and maneuvering
monitor is provided. Additional warning and/or alarm features
allowed by programming changes in high level language.

o Complete modern color graphics capability with offset and
zoom

o Complete harbor navigation aid monitoring capability
including buoy position, light status, etc.

o Remote control of all radars and radar interfaces as well
as radar data processing including site-to-site integration,
clutter suppression, scan conversion and target extraction.

o Complete track projection capability which can predict

and/or analyze future interactions based on current position,
destination and velocity.
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o The capability of constructing a complete vessel data base
and interfacing it to the real-time data display from the VTS
sensors.

3.2.3.2 Communications Console

This console 1is capable of remotely operating the proposed
transmitting/receiving sites and allowing transmission and

monitoring on all required frequencies. The console provides
three operating positions each to be capable of complete
communications control. It is capable of modular expansion if

other remote communications sites are added.
3.2.3.3 8upervisor Control and Data Acquisition (SCADA) Equipment

A SCADA capability is provided to the major module level at remote
sites so that the watchstander can determine the status of the
entire VTS system. A graphic readout is provided in block diagram
form indicating operational status of all elements in the system.
Security monitoring of remote sites is also included.

3.2.3.4 Recording Equipment

Time synchronized video and audio recording equipment is to be
provided. This equipment is capable of recording and playing back
the data presented to the VTS watchstander and his reaction to the
situation. An extra set of recording equipment is to be installed
for redundancy purposes.

3.3 COST ESTIMATES
3.3.1 General

Appendix A discusses a generalized approach to estimating VTS
system costs. This approach is based on interviews with system
designers and purchasers of recently constructed systems. The cost
of this VTS system has been estimated using this approach and is
detailed below. The assumptions made in estimating these costs are
listed in Paragraph 3.1.2.
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3.3.2

Hardware Costs (x $1000)

Vessel Traffic Center non-recurring recurring(10-yr)
VTS Console (2 workstations 1000
one supervisory console &
all software)
Recording Equipment 100
SCADA Equipment (11 radar sites) 1000
Comms console 200
Sub-total: 2300 1000
Sub~Zone I--Ocean Approaches (NOAA Charts 18020 & 18640)
Required comms DF and radar coverage provided from Sub-Zone II.
Sub-Zone IT--Gulf of the Farallons (NOAA Chart 18640)
1 Module 3 radar 400 400
1 Module 4 radar 400 400
1 Module 10 VHF 19 13
1 Module 11 VHF 48 20
1 Module 13 MET 40 5
1 Module 16 DF 90 5
Sub-total: 997 843
Sub-Zone III--San Francisco Bay (NOAA Chart 18649)
1 Module 10 VHF 19 13
1 Module 13 MET 40 5
1 Module 18 CCTV 117 50
Sub-total: 176 68
Sub-Zone IV--San Pablo Bay (NOAA Charts 18649, 18654 & 18656)
2 Module 1 radars 620 620
2 Module 10 VHF 38 26
1 Module 11 VHF 48 20
1 Module 13 MET 40 5
Sub-total: 746 671
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Sub-Zone V--Cargquinez Straii/Suisun

oay (NOAA Chart 18656)

2 Module 1 radar

1 Module 10 VHF

1 Module 13 MET
Sub-total:

Sub-Zone VI--Sacramento River (NOAA

620
19
40

679

Chart 18661)

3 Module 10 VHF
1 Module 11 VHF

Sub-total:

Sub-Zone VIiII--Lower San Francisco Bay (NOAA Chart 18650 & 18651)

Module 1 radar
Module 2 radar
Module 11 VHF
Module 10 VHF
Module 12 MET
Module 14 HYD

ol = S

Sub-~total:

57
48

105

310
310
48
19
20
10

717

Sub-Zone VIII--Redwood Creek (NOAA Chart 18651)

1 Module 10 VHF

Sub~total:

HARDWARE TOTALS:
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5739

620
13

638

39
20

59

310
310
20
13

660

13

i3

3952




3.3.3 Project Totals (x $1000)

Non-recurring
Hardware 5739
Management, Engineering, etc. (55%) 3156

Assumptions: Turnkey system,
Procurement by integ.contractor, good
manufacturer support, some software
provided, System Manual required

Installation site integration (20%) 1148
Assumptions: Complete installation

by contractor, remote access no

serious problem, many widespread sites

Spares & Training (10%) 574

Civil Engineering 3000
6 remote radar sites, many remote

comms and WX sensor installations,

some land acquisition, new VTC building

on Yerba Buena Island

PROJECT ESTIMATE: 13617
Data Base Management System 300
TOTAL: (non-recurring) $ 13917
Recurring (10 year)
Hardware 3952
2 Watchstanders x 5 = 10 man/years @ 50K x 10 5000
1 Watch Supervisor 2500
1 Commanding Officer 500
1 Executive Officer 500
1 Clerk 500

TOTAL: (recurring) (10-year life) $ 12952

TOTAL 10-YEAR PROJECT COST: $ 26869
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GLOSSARY

AD8: Automatic Dependent Surveillance

ARPA: Automatic Radar Plotting Aid.

“"CONFINED~COMPLEX": a combination of terms relating to the
geography and the nature of the interactions between ships. See
Final Report National Vessel Traffic Services Study (TP-5965E),
Canadian Coast Guard, Ottawa, October 1984, pp.89-91.
“"CONFINED-SIMPLE'": a combination terms relating to the geography
and the nature of the interactions between ships. See Final Report
National Vessel Traffic Services Study (TP-5965E), Canadian Coast
Guard, Ottawa, October 1984, pp.89-91.

COTP: Captain of the Port

CCTV: closed circuit television

COLREG8 LINE: a demarcation line delineating those waters upon
which international regulations for the prevention of collisions at
sea apply.

C" \t closest point of approach

DBM8: data base management system

DF: direction finder

FAA: Federal Aviation Administration

GIS: Geographic Information System

ICW: Intracoastal Waterway

IMO: International Maritime Organization

KW: Kilowatt

LAN: local area network
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LLOYD'S8 LIST: a listing of all merchant vessels of the world
including their physical characteristics. Published by Lloyd's of
London.

LNG: liquified natural gas

NOAA: National Oceanic and Atmospheric Administration
"OPEN~COMPLEX'": a combination of terms relating to the geography
and the nature of the interactions between ships. See Final Report
National Vessel Traffic Services Study (TP-5965E), Canadian Coast
Guard, Ottawa, October 1984, pp. 89-91.

“OPEN-SIMPLE": a combination of terms relating to the geography and
the nature of the interactions between ships. See Final Report
National Vessel Traffic Services Study (TP-5965E), Canadian Coast
Guard, Ottawz, October 1984, pp. 89-91.

PAI: Problem Area Identifier

PRECAUTIONARY AREA: an area normally an intersection, entrance to,
or exit from a traffic separation scheme where vessel interactions
are unpredictable

SCADA: Supervisor Control and Data Acquisition

TCPA: time of closest point of approach

TRAFFIC SEPARATION SCHEME: routes incorporating traffic separation
to increase the safety of navigation, particularly in converging
areas of high traffic density.

VHF: very high frequency

VTC: vessel traffic center

VT8: vessel traffic services
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APPENDIX
ADDITIONAL COST REQUIRED FOR ADDING

SURVEILLANCE EQUIPMENT
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PORT OF SAN FRANCISCO (Using 2 Existing USCG Radars)

1.0 HARDWARE COSTS8 (x $1000)
Vessel Traffic Center non-recurring recurring(10-yr)
VTS Console (2 workstations 1000

one supervisory console &
all software)

Recording Equipment 100
SCADA Equipment (11 radar sites) 1000
Sub-total: 2100 1000

Sub-Zone I--Ocean Approaches (NOAA Charts 18020 & 18640)

Required comms DF and radar coverage provided from Sub-Zone II.

Sub-Zone IT--Gulf of the Farallons (NOAA Chart 18640)

1 Module 3 radar 400 400
1 Module 4 radar 400 400
1 Module 13 MET 40 5
1 Module 16 DF 90 5

Sub-total: 930 810

Sub-Zone III--San Francisco Bay (NOAA Chart 18649)

2 Module 1 radars 620 620
1 Module 2 radar 310 310
2 Module 10 VHF 38 26
1 Module 12 MET 20 5
1 Module 13 MET 40 5
1 Module 14 HYD 10 2
1 Module 18 CCTV 117 50

Sub-total: 1155 1018

Sub-Zone IV--San Pablo Ba NOAA Charts 18649, 18654 & 18656

2 Module 1 radars 620 620
2 Module 10 VHF 38 26
1 Module 11 VHF 48 20
1 Module 13 MET 40 5

Sub-total: 746 671
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Port of San Francisco (Cont.)

Sub-Zone V--Carquinez Strait/Suisun Bay (NOAA Chart 18656)

1 Module 1 radar 310 310
1 Module 10 VHPF 19 13
1 Module 13 MET 40 5
Sub~total: 369 328
Sub-Zone VI--Sacramento River (NOAA Chart 18661)
3 Module 10 VHF 57 39
1 Module 11 VHF 48 20
Sup~-total: 105 59
Sub-Zone VII--Tower San Francisco Bay (NOAA Chart 18650 & 18651)
1 Module 1 radar 310 310
1 Module 10 VHF 19 13
Sub-total: 329 323
Sub-Zone VITI--Redwood Creek (NOAA Chart 18651)
1 Module 10 VHF 19 13
Sub-total: 19 13
HARDWARE TOTALS: 5753 4222
Minus 2 radars 620
NEW HARDWARE TOTAL: 5133
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Port of San Francisco (Continued)
2.0 PROJECT TOTALS (x $1000)
2.1 Non=-recurring
Hardware
Management, Engineering, etc. (55%)
Assumptions: Turnkey system,
Procurement by integ.contractor, good
manufacturer support, some software
provided, System Manual required
Installation site integration (20%)
Assumptions: Complete installation
by contractor, remote access no
serious problem, many widespread sites
Spares & Training (10%)
Civil Engineering
9 remote radar sites, many remote
comms and WX sensors installations,
land acgquisition
PROJECT ESTIMATE:
Data Base Management Systen
TOTAL: (non-recurring)

2.2 Recurring (10 year)

$5133

2823

1026

513

3000

12495
300

$12795

4222
5000
2500
500
500
500

$26017

Hardware
2 Watchstanders x 5 = 10 man/years @ 50K x 10
1 Watch Supervisor
1 Commanding Officer
1 Executive Officer
1 Clerk
TOTAL: (recurring) (10-year life) $13222
TOTAL 10-YEAR PROJECT COST:
COMMENT:

These costs reflect use of the two existing radars at sites which call
for Module 1 radars. Since they are to be moved and re-installed, the
The recurring
maintenance costs are the same because the existing radars must also be

engineering installation costs have not been altered.

maintained.
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Appendix N 14 San Francisco, CA
TABLE 1 Assignment of COE Waterway Codes to Subzones 8/06/91
COE
Waterway Name
Subzone 1401A
4200 A SUISUN BAY CHANNEL, CALIF.
4210 A SUISUN CHANNEL, CALIF.
4240 A SACRAMENTO, CALIF.
4260 A SAN JOAQUIN RIVER, CALIF.
4320 A SAN FRANCISCO BAY ENTRANCE, CALIF.
4335 A SAN FRANCISCO HARBOR, CALIF.
4345 A OAKLAND HARBOR, CALIF.
4346 A BERKELEY, CALIF.
4355 A SAN PABLO BAY AND MARE ISLAND STRAIT,
CALIF.
4360 A CARQUINEZ STRAIT, CALIF.
4365 a NAPA RIVER, CALIF.
4370 A PETALUMA RIVER, CALIF.
8230 A SACRAMENTO RIVER DEEPWATER SHIP CHANNEL,

Subzone 1402B
4200
4210
4240
4260
4335
4345
4346
4355

4360
4365
4370
8230

Subzone 1403C
4200
4200
4210
4210
4240
4240
4260
4260
4335
4335
4345
4345
4346
4346
4355

4355

4360
4360
4365
4365
4370
4370
8230

Prprpy PpPprprpPnm»IY
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CALIF.

SUISUN BAY CHANNEL, CALIF.

SUISUN CHANNEL, CALIF.

SACRAMENTO, CALIF.

SAN JOATZUIN RIVER, CALIF.

SAN FRANCISCO HARBOR, CALIF.

OAKLAND HARBOR, CALIF.

BERKELEY, CALIF.

SAN PABLO BAY AND MARE ISLAND STRAIT,
CALIF.

CARQUINEZ STRAIT, CALIF.

NAPA RIVER, CALIF.

PETALUMA RIVER, CALIF.

SACRAMENTO RIVER DEEPWATER SHIP CHANNEL,
CALIF.

SUISUN BAY CHANNEL, CALIF.

SUISUN BAY CHANNEL, CALIF.

SUISUN CHANNEL, CALIF.

SUISUN CHANNEL, CALIF.

SACRAMENTO, CALIF.

SACRAMENTO, CALIF.

SAN JOAQUIN RIVER, CALIF.

SAN JOAQUIN RIVER, CALIF.

SAN FRANCISCO HARBOR, CALIF.

SAN FRANCISCO HARBOR, CALIF.

OAKLAND HARBOR, CALIF.

OAKLAND HARPFOR, CALIF.

BERKELEY, CALIF.

BERKELEVY, CALIF.

SAN PA3LO BAY AND MARE ISLAND STRAIT,
CALI".,

GAN PABLO BAY AND MARE ISLAND STRAIT,
CLLUIF.

.ARQUINEZ STRAIT, CALIF.

CARQUINEZ STRAIT, CALIF.

NAPA RIVER, CALIF.

NAPA RIVER, CALIF.

PETALUMA RIVER, CALIF.

PETALUMA RIVER, CALIF.

SACRAMENTO RIVER DEEPWATER SHIP CHANNEL,
CALIF.
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Appendix N
TABLE 1

COE
Waterway

14 San Francisco, CA

Assignment of COE Waterway Codes to

Name

Subzones 8/06/91

Subzone 1403C
8230

Subzone 1404D
4345
4345

Subzone 140SF
4200
4200
4210
4210
4240
4240
4260
4260
4360
4360
8230

8230

B

ol -4

o rPororoProroy

SACRAMENTO RIVER DEEPWATER
CALIF.

OAKLAND HARBOR, CALIF.
OAKLAND HARBOR, CALIF.

SUISUN BAY CHANNEL, CALIF.
SUISUN BAY CHANNEL, CALIF.
SUISUN CHANNEL, CALIF.
SUISUN CHANNEL, CALIF.
SACRAMENTO, CALIF.
SACRAMENTO, CALIF.

SAN JOAQUIN RIVER, CALIF.
SAN JOAQUIN RIVER, CALIF.
CARQUINEZ STRAIT, CALIF.
CARQUINEZ STRAIT, CALIF.
SACRAMENTO RIVER DEEPWATER
CALIF.

SACRAMENTO RIVER DEEPWATER
CALIF.

NT~-4
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Appendix N Zone 14 San Francisco, CA 7/15/91
TABLE 2 Base Year 1987 C.rgo Tons by Cubzone, Commodity, and Vessel lype

Subzone 1401A

Comm. Dry Cargo Tanker
Code Name Dry Cargo Tankc . Barge Tow Barge Tow Totus
1 FARM PRODUCTS €,193,355 0 0 0 6,193,355
2  FOREST PRODUCTS 21,366 6] 0 0 21,366
3 FISHERIES PRODUCTS 62,592 0 0 0 62,592
4  MINING PRODUCTS, NEC 3,691,871 0 3,021,022 0 6,712,893
5 PROC. FOODS & MFTRS, NEC 28,590,302 0 437,178 0 29,027,480
6 WASTE OF MANUFACTURING 2,590,378 0 4,708,860 0 7,299,238
1311 CRUDE PETROLEUM 0 46,295,094 0 5,280,782 51,575,876
1492  SULPHUR, DRY 2,812,222 0 0 0 2,812,222
2810 SODIUM HYDROXIDE (CAUSTI 158,170 0 0 0 158,170
2811 CRUDE PROD-COAL TAR-PET 7,494 0 0 0 7,494
2813  ALCOHOLS 0 80,431 0 1 80,432
2817 BENZENE AND TOLUENE 0 85,666 0 3 85,669
2871  NITROGEN CHEM FERTILIZER 57,277 1,649,971 0 0 1,707,248
2872 POTASSIC CHEM FERTILIZER 10,921 0 0 0 10,921
2873 PHOSPHA CHEM FERTILIZERS 124 0 0 0 124
2911  GASOLINE, INCL NATURAL 0 9,993,764 0 252,597 10,246,361
2912  JET FUEL 0 1,388,226 0 304,478 1,692,704
2913 KEROSENE 0 44 0 0 44
2914  DISTILLATE FUEL OIL 0 4,341,418 0 779,595 5,121,013
2915  RESIDUAL FUEL OIL 0 18,013,283 0 4,251,694 22,264,977
2916  LUBRIC OILS-GREASES 0 1,605,265 0 91,008 1,696,273
2917 NAPHTHA, PETRLM SOLVENTS 0 488,947 0 148 489,095
2921  LIQUI PETR-COAL-NATR GAS 2 916 0 0 218
Subzone Total : 44,196,074 83,943,025 8,167,060 10,940,306 147,266,465

Subzone 14028

Comm. Dry Cargo Tanker
Code Name Dry Cargo Tanker Barge Tow Barge Tow Total
1 FARM PRODUCTS 4,492,249 0 0 0 4,492,249
2  FOREST PRODUCTS 10,116 0 0 0 10,116
3  FISHERIES PRODUCTS 31,308 0 0 0 31,308
4 MINING PRODUCTS, NEC 2,:60,721 0 3,018,747 0 5,479,468
5 PROC. FOODS & MFTRS, NEC 16,673,534 0 434,903 0 17,108,437
6  WASTE OF MANUFACTURING 1,135,767 0 4,708,860 0 5,844,627
1311 CRUDE PETROLEUM 0 22,658,956 0 5,280,782 27,939,738
1492  SULPHUR, DRY 2,257,060 0 0 0 2,257,060
2810 SODIUM HYDROXIDE (CAUSTI 66,696 4] 0 0 66,696
2811  CRUDE PROD-COAL TAR-PET 4,515 0 0 0 4,515
2813  ALCOHOLS 0 33,358 0 1 33,359
2817  BENZENE AND TOLUENE 0 35,366 0 3 35,349
2871  NITROGEN CHEM FERTILIZER 57,277 1,429,053 0 0 1,486,330
2872 POTASSIC THEM FERTILIZER 5,627 0 0 0 5,427
2873 PHOSPHA CHEM FERTIL!ZERS 62 0 0 0 62
2911 GASOLINE, INCL NATURAL 0 6,148,244 0 252,597 6,400,841
2912  JET FUEL 0 615,004 0 304,478 919,482
2913  KEROSENE 0 22 0 0 22
2916  DISTILLATE FUEL OIL 0 2,139,281 0 779,595 2,918,876
2915  RESIDUAL FUEL OIL 0 9,481,290 0 4,25%,69% 13,732,984
2916 LUBRIC OILS-GREASES 0 838,172 0 91,008 929,180
2917  NAPHTHA, PETRLM SOLVENTS 0 259,243 0 148 259,391
2921 LIQUI PETR-COAL-NATR GAS 2 459 0 0 461
Subzone Total : 27,194,734 43,638,448 8,162,510 10,960,306 89,955,998
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Appendix N Zone 14 San Francisco, CA

TABLE 2 Base Year 1987 Cargo Tons by Subzone, Commodity, and Vessel Type

Subzone 1403C
Comm.
Code Name
1 FARM PRODUCYS
2  FOREST PRODUCTS
3  FISHERIES PRODUCTS
4  MINING PRODUCTS, NEC
5 PROC. FOODS & MFTRS, NEC
[ WASTE OF MANUFACTURING
1311 CRUDE PETROLEUM
1492  SULPHUR, DRY
2810  SODIUM HYDROXIDE (CAUSTI
2811  CRUDE PROD-COAL TAR-PET
2813  ALCOHOLS
2817  BENZENE AND TOLUENE
2871  NITROGEN CHEM FERTILIZER
2872  POTASSIC CHEM FERTILIZER
2873  PHOSPHA CHEM FERTILIZERS
2911 GASOLINE, INCL NATURAL
2912  JET FUEL
2913 KEROSENE
2914 DISTILLATE FUEL OIL
2915 RESIDUAL FUEL OIL
2916 LUBRIC OILS-GREASES
2917 NAPHTHA, PETRLM SOLVENTS
2921 LIQUI PETR-COAL-NATR GAS
Subzone Total :

Subzone 14040

Comm,
Code Name
1 FARM PRODUCTS
2 FPREST PRODUCTS
3 FISHERIES PRODUCTS
4 MINING PRODUCTS, NEC
S5 PROC. FOODS & MFTRS, NEC
[ WASTE OF MANUFACTURING

1311 CRUDE PETROLEUM

1492  SULPHUR, DRY

2811 CRUDE PROD-COAL TAR-PET

2813  ALCOHOLS

2817  BENZENE AND TOLUENE

2871 NITRGGEN CHEM FERTILIZER

2872  POTASSIC CHEM FERTILIZER

2873  PHOSPHA CHEM FERTILIZERS

2911 GASOLINE, INCL NATURAL

2912  JET FUEL

2914  DISTILLATE FUEL OIL

2915  RESIDUAL FUEL OIL

2916  LUBRIC OILS-GREASES

2917  NAPHTHA, PETRLM SOLVENTS

2921 LIQUI PETR-COAL-NATR GAS
Subzone Total :

Dry Cargo
4,492,249
10,116
31,308
2,460,721
16,673,534
1,135,767
0
2,257,060
66,696
4,515

0

0

57,277
5,427

62

0

0

0
0
0
0
0
2
27,194,734

Dry Cargo
733,792
8,035
23,845
154,650
5,571,799
849,151
0

1,615
1,405

0

0

51,967
4,986

62

0

0

0
0
0
0
2
7,401,309

Tanker

COoOO0OOQOOCO

22,658,956
0

0

0

33,358
35,366
1,729,053
0

0
6,148,244
615,006

22
2,139,281
9,481,290
838,172
259,243
459
43,638,448

Tanker

CoOCoOoOvoocoo

o~
—_
(o]
O

10,272

1,469
211
16,919
462

457
33,870
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Dry Cargo
Barge Tow

0

0
3,018,747
434,903
4,708,860
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

8,162,51

Dry Cargo
Barge Tow
0

¢}

0

855,932
63,202
77,600

COO0ODODODOOOOOC. DOO

995, 734

7/15/91
Tanker
Barge Tow Total
0 4,692,249
0 10,116
0 31,308
0 5,479,468
0 17,108,437
0 5,844,627
5,280,782 27,939,738
0 2,257,060
o} 66,696
0 4,515
1 33,359
3 35,369
0 1,486,330
0 5,427
0 62
252,597 6,400,841
304,478 919,482
0 22
779,595 2,918,876
4,251,694 13,732,984
21,008 929,180
148 259,391
461
10,960,,06 89,955,998
Turker
Barge Tow Total
0 733,792
0 8,035
0 23,845
0 1,010,582
0 5,635,001
0 926,751
338 338
0 1,615
0 1,405
1 4,110
3 34
0 62,179
0 4,986
0 62
6,810 8,279
19,545 19,545
1,283 1,494
575,025 575,025
12,235 29,156
148 610
0 459
615,388 9,047,301




Appendi
TABLE
subzone

Comm.
Code

-

X N Z2one 14 san Francisco, CA

2 Base Year 1987 Cargo Tons by Subzone, Commodity, and Vessel Type

1405F

Name

FARM PRODUCTS

FISHERIES PRODUCTS
MINING PRODUCTS, NEC
PROC. FOODS & MFTRS, NEC
WASTE OF MANUFACTURING
CRUDE PETROLEUM

SULPHUR, DRY

SODIUM HYDROXIDE (CAUSTI
CRUDE PROD-COAL TAR-PET
ALCOHOLS

BENZENE AND TOLUENE
NITROGEN CHEM FERTILIZER
GASOLINE, INCL NATURAL
JET FUEL

DISTILLATE FUEL OIL
RESIDUAL FUEL OIL

LUBRIC OILS-GREASES
NAPHTHA, PETRLM SOLVENTS

Subzone Total :

Dry Cargo
2,792,591
49
1,712,580
6,727,773
141,114

0
1,701,897
49,467
1,759

0
0
0
0
0
0
1}
0
0
0

13,127,23

Tanker

0
0
0
0
11,327,010

0

0
0

19,973
22,626
1,157,560
3,096,834
238,620
587,965
4,776,126
405,737
103, 164
21,735,615

Dry Cargo
Barge Tow
0

0
1,116,544
262,360

769,160
0

0
0
0
0
0
0

0
0
0
0
0
4

2,148,06

7/15/91
Tanker

Barge Tow Total
0 2,792,591
0 49
0 2,829,124
0 6,990,133
0 910,274
2,165,906 13,492,916
o 1,701,897
0 49,467
0 1,759
0 19,973
0 22,626
6 1,157,560
151,216 3,248,050
139,963 378,583
450,246 1,038,211
1,995,695 6,771,821
17,994 423,73
0 103, 164
4,921,020 41,931,929




Appendix N ZONE

14 San Francisco,

TABLE 3 Base Year (1987)

Vessel Transits by Subzone,

Vessel Type

Subzone :
Passenger
Dry Cargo
Tanker
Dry Cargo Barge Tow
Tanker Barge Tow
Tug/Tow Boat

Subzone Total:

Subzone : 14028

Passenger

Dry Cargo

Tanker

Dry Cargo Barge Tow
Tanker Barge Tow

Subzone Total:
Subzone : 1403C
Passenger
Dry Cargo
Tanker
Dry Cargo Barge Tow
Tanker Barge Tow
Tug/Tow Boat
Subzone Total:
Subzone 1404D
Passenger
Dry Cargo
Tanker
Dry Cargo Barge Tow
Tanker Barge Tow
Tug/Tow Boat

Subzone Total:

Large

7/22/91
CA
Vessel Type, and Size.
Medium Small Total
60 0 60
7,266 1,149 11,854
2,388 1,008 5,436
0 358 443
0 184 340
0 151 151
9,714 2,850 18,284
60 3,850 3,910
3,629 882 6,352
1,402 804 3,347
0 0 57
0 0] 120
5,091 5,536 13,786
60 42,107 42,167
3,629 4,412 9,882
1,402 804 3,347
0 6,746 6,803
0 3,773 3,893
0 12,750 12,750
5,091 70,592 78,842
0 100 100
1,504 310 3,081
0 1 2
0 697 697
0 625 625
c 6,170 6,171
1,504 7,903 10,676
NT-8




7/22/91
Appendix N ZONE 14 San Francisco, CA

TABLE 3 Base Year (1987)
Vessel Transits by Subzone, Vessel Type, and Size.

Vessel Type Large Medium Small Total

Subzone : 1405F

Dry Cargo 264 1,012 201 1,477

Tanker 571 732 380 1,683

Dry Cargo Barge Tow 56 0 2,889 2,945

Tanker Barge Tow 90 0 1,662 1,752

Tug/Tow Boat 0 0 1,287 1,287
Subzone Total: 981 1,744 6,419 9,144

Note: Sum of all vessel transits within each study subzone.

ZONE 14 San Francisco, CA

Vessel Type Large Medium Small Total
Passenger 0 60 42,107 42,167
Dry Cargo 3,439 7,266 4,679 15,384
Tanker 2,040 2,388 1,008 5,436
Dry Cargo Barge Tow 85 0 7,104 7,189
Tanker Barge Tow 156 0 3,957 4,113
Tug/Tow Boat 0 0 12,901 12,901
Zone Total: 5,720 9,714 71,756 87,190

Note: Sum of all arrivals/departures to/from all terminals
within the Study Zone.

NT-9




Appendix N Zone 14 San Francisco, CA

TABLE 4 Barges Per Tow - Average factors by COE Waterway 8/6/91
COE Code Waterway Name Ory Barge Tank Barge
SUBZONE ALl Subzones within this Zone i 1

NOTE: Average size of tows arriving/departing terminals within the waterway. Sizes of other tows transiting
the area may differ.

NT~10
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Appendix N Zone

TABLE 5

14

San Francisco, CA

Other Local Vessels by Subzone

Number of
Vessels

- —— —————

Total for Zone 172,882

——— - ——— — ————

7/21/91

Vessels per
Square Mile

27.91
224.59
1,434.90
801.82

117.25

Note: State registered (1989/90) vessels estimated to be operated
within the Subzone.
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Appendix N ZONE

14 San Francisco, CA

TABLE 6.1 Forecast 1995
Vessel Transits by Subzone, Vessel Type, and Size

Vessel Type

Subzone : 1401A
Passenger
Dry Cargo
Tanker
Dry Cargo Tow
Tanker Tow
Tug/Tow Boat

Subzone Total:

Subzone : 1402B
Passenger
Dry Cargo
Tanker
Dry Cargo Tow
Tanker Tow
Tug/Tow Boat

Subzone Total:

Subzone : 1403C
Passenger
Dry Cargo
Tanker
Dry Cargo Tow
Tanker Tow
Tug/Tow Boat

Subzone Total:

Subzone : 1404D
Passenger
Dry Cargo
Tanker
Dry Cargo Tow
Tanker Tow
Tug/Tow Boat

Subzone Total:

———— -

Medium

12,

4,
1,

NT-12

055

63
712
503

4,054
5,522
848
7,832
4,057
16,404

7/24/91

63
19,735
5,798
8,240
4,266
16,242




7/24/91
Appendix N ZONE 14 San Francisco, CA

TABLE 6.1 Forecast 1995
Vessel Transits by Subzone, Vessel Type, and Size

Vessel Type Large Medium Small Total

Subzone : 1405F

Dry Cargo 322 1,238 238 1,798

Tanker 603 786 398 1,787

Dry Cargo Tow 0 0 3,350 3,350

Tanker Tow 0} 0 1,785 1,785

Tug/Tow Boat 0 0 1,444 1,444
Subzone Total: 925 2,024 7,215 10,164

Note: Sum of all vessel transits within each study subzone.
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7/24/91
Appendix N ZONE 14 San Francisco, CA

TABLE 6.2 Forecast 2000
Vessel Transits by Subzone, Vessel Type, and Size

Vessel Type Large Medium Small Total
Subzone : 1401A
Passenger 0 67 0 67
Dry Cargo 5,318 11,056 6,755 23,129
Tanker 2,273 2,727 1,121 6,121
Dry Cargo Tow 0 0 9,036 9,036
Tanker Tow 0 0 4,476 4,476
Tug/Tow Boat 0 0 19,259 19,259
Subzone Total: 7,591 13,850 40,647 62,088
Subzone : 14028
Passenger 0 67 4,270 4,336
Dry Cargo 2,901 5,520 6,345 14,766
Tanker 1,262 1,595 893 3,750
Dry Cargo Tow 0 0 8,598 8,598
Tanker Tow 0 0 4,256 4,256
Tug/Tow Boat 0 0 19,403 19,403
Subzone Total: 4,163 7,182 43,765 55,109
Subzone : 1403C
Passenger 0 67 52,317 52,384
Dry Cargo 2,901 5,520 6,345 14,766
Tanker 1,262 1,595 893 3,750
Dry Cargo Tow 0 0] 8,598 8,598
Tanker Tow 0 0 4,256 4,256
Tug/Tow Boat 0 0 19,403 19,403
Subzone Total: 4,163 7,182 91,812 103,157
Subzone : 1404D
Passenger 0 0 4,789 4,789
Dry Cargo 2,048 2,405 495 4,948
Tanker 1 0 2 3
Dry Cargo Tow 0 0 870 870
Tanker Tow 0 0 752 752
Tug/Tow Boat 0 0 9,942 9,942
Subzone Total: 2,049 2,405 16,850 21,304
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Appendix N ZONE 14 San Francisco, CA

TABLE 6.2 Forecast 2000
Vessel Transits by Subzone, Vessel Type, and Size

Vessel Type Large Medium Small Total
Subzone : 1405F
Dry Cargo 371 1,391 264 2,026
Tanker 629 835 417 1,881
Dry Cargo Tow 0 0 3,675 3,675
Tanker Tow o 0 1,872 1,872
Tug/Tow Boat 0 0 1,561 1,561
Subzone Total: 1,000 2,226 7,789 11,015

Note: Sum of all vessel transits within each study subzone.
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Appendix N ZONE

14 San Francisco, CA

TABLE 6.3 Forecast 2005

Vessel Transits by Subzone,

Vessel Type

Subzone : 1401A
Passenger
Dry Cargo
Tanker
Dry Cargo Tow
Tanker Tow
Tug/Tow Boat

Subzone Total:

Subzone : 14028
Passenger
Dry Cargo
Tanker
Dry Cargo Tow
Tanker Tow
Tug/Tow Boat

Subzone Total:

Subzone : 1403C
Passenger
Dry Cargo
Tanker
Dry Cargo Tow
Tanker Tow
Tug/Tow Boat

Subzone Total:

Subzone : 1404D
Passenger
Dry Cargo
Tanker
Dry Cargo Tow
Tanker Tow
Tug/Tow Boat

Subzone Total:

Medium

NT-16

Vessel Type,

19,438

7/24/91

and Size

69
27,349
6,456
9,909
4,701
23,071

71,555

4,488
17,393
3,947
9,441
4,470
23,185

54,216
17,393
3,947
9,441
4,470
23,185

112,652

4,956
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Appendix N ZONE 14 San Francisco, CA

TABLE 6.3 Forecast 2005
Vessel Transits by Subzone, Vessel Type, and Size

Vessel Type Large Medium Small Total
Subzone : 1405F
Dry Cargo 431 1,569 295 2,295
Tanker 655 885 436 1,976
Dry Cargo Tow 0 0 4,031 4,031
Tanker Tow 0 0 1,965 1,965
Tug/Tow Boat 0 0 1,695 1,695
Subzone Total: 1,086 2,454 8,422 11,962

Note: Sum of all vessel transits within each study subzone.
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Appendix N ZONE 14 San Francisco, CA

TABLE 6.4 Forecast 2010
Vessel Transits by Subzone, Vessel Type, and Size

vessel Type Large Medium Small Tota
Subzone : 1401A
Passenger 0 71 0 71
Dry Cargo 7,892 15,640 9,124 32,656
Tanker 2,468 3,069 1,239 6,776
Dry Cargo Tow 0 0 10,866 10,866
Tanker Tow 0 0 4,940 4,940
Tug/Tow Boat 0 4] 27,933 27,938
Subzone Total: 10,360 18,780 54,107 83,247
Subzone : 14028
Passenger 0 71 4,574 4,645
Dry Cargo 4,360 7,778 8,535 20,673
Tanker 1,361 1,786 986 4,133
Dry Cargo Tow 0 0 10,368 10,368
Tanker Tow 0 0 4,700 4,700
Tug/Tow Boat 0 0 28,005 28,005
Subzone Total: 5,721 9,635 57,168 72,524
Subzone : 1403C
Passenger 0 71 56,041 56,113
Dry Cargo 4,360 7,778 8,535 20,673
Tanker 1,361 1,786 986 4,133
Dry Cargo Tow 0 0 10,368 10,368
Tanker Tow 0 0 4,700 4,700
Tug/Tow Boat 0 0 28,005 28,005
Subzone Total: 5,721 9,635 108,635 123,992
Subzone : 14040
Passenger 0 0 5,130 5,130
Dry Cargo 3,149 3,529 734 7,412
Tanker 2 0 9 11
Dry Cargo Tow 0 0 1,035 1,035
Tanker Tow 0 0 867 867
Tug/Tow Boat 0 0 14,945 14,945
Subzone Total: 3,151 3,529 22,720 29,400
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Appendix N ZONE 14 San Francisco, CA

TABLE 6.4 Forecast 2010
Vessel Transits by Subzone, Vessel Type, and Size

Vessel Type Large Medium Small Totau

Subzone : 1405F

Dry Cargo 501 1,778 330 2,609

Tanker 676 937 453 2,066

Dry Cargo Tow 0 0 4,423 4,423

Tanker Tuw 0 0 2,065 2,065

Tug/Tow Boat 0 0 1,842 1,842
Subzone Total: 1,177 2,715 9,113 13,005

Note: Sum of all vessel transits within each study subzone.
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ZONE

14 San Francisco, CA

7/25/91

TABLE 6.5 Forecast 1995 - 2010 Vessel Transits by Vessel Type and Size

Vessel Type

Passenger

Dry Cargo
Tanker

Dry Cargo Tow
Tanker Tow
Tug/Tow Boat

1995 Zone Tctal:

Passenger

Dry Cargo
Tanker

Dry Cargo Tow
Tanker Tow
Tug/Tow Boat

2000 Zone Total:

Passenger

Dry Cargo
Tarker

Dry Cargo Tow
Tanker Tow
Tug/Tow Boat

2005 Zone Total:

Passenger

Dry Cargo
Tanker

Dry Cargo Tow
Tanker Tow
Lug/Tow Boat

2010 Zone Total:

Note: Sum of all

Large

Medium

e L p——

1995 FORECASTED ZONE TOTALS

0
4,049
2,170

63
8,622
2,564

- s

2000 FORECASTED ZONE TOTALS

0
4,584
2,273

67
9,569
2,727

0

———— .

46,697
6,034
1,121
9,036
4,476

19,259

2005 FORECASTED ZONE TOTALS

0
5,554
2,378

69
11,003
2,896

48,330
6,791
1,182
9,909
4,701

23,071

2010 FORECASTED ZONE TOTALS

0
6,803
2,468

71
13,145
3,069

50,021
7,871
1,239

10,866
4,940

27,938

102,875

44,406
18,156
5,798
8,240
4,266
16,242

46,763
20,187
6,121
9,036
4,476
19,259

105,842

48,399
23,348
6,456
9,909
4,701
23,071

128,431

arrivals/departures to/from all terminals within the

study zone.
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Appendix N Zone 14 San Francisco, CA 7/25/91

TABLE 7 Vessel Casualty History (10 Year Totals) by
Subzone, Vessel Type and Size, and Casualty Type

Vessel Type Size Collisions Rammings Groundings Other

Subzone: 14028

Dry Cargo Large 1 0 [ 0
Tanker Large 1 0 0 0
Dry Cargo Barge Tow smal 0 1 0 0
Fishing Small 2 0 0 0
Subzone Totals: 4 1 0 0
Subzone: 1403C
Dry Cargo Large 0 0 1 1]
Dry Cargo Small 2 0 0 0
Tanker Large 0 2 0 0
Dry Cargo Barge Tow Large 1 0 0 0
Dry Cargo Barge Tow Small 1 0 0 0
Tanker Barge Tow Smaltt 1 0 0 0
Tug/Tow Boat Small 2 1 0 0
Other small 1 1 0 0
Subzone Totals: 8 4 1 o]
Subzone: 1404D
bry Cargo Large 1 0 0 0
Dry Cargo Barge Tow smai l 1 4] 4] [4]
Subzone Totals: 2 0 0 0
Subzone: 1405F
Dry Cargo Large 0 o] 4 4]
Ory Cargo Medium 0 1 0 0
Tanker Large 0 0 1 0
Tanker Barge Tow Small 0 1 1 0
Tug/Tow Boat Small 0 1 0 0
Subzone Totals: 0 3 6 o]
2one Totals: 14 8 7 0

OTHER eqguals barge breakaways and weather caused vesse! casualties.
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APPENDIX TABLE N-8 2ZONE 14, SAN FRANCISCO, CA - VTS
LEVELS IN OPERATION

| 19'79 80 {81 (82 |83 f4|85|86I87188|89|90|91|92I93I94"95—2010“

e ——

SUBZONE

1401A III
1402B IT |IT |IT [II ITI
1403C IT |IT |IT (I III
1404D IT |IT |IT (II ITI
1405F I
LEGEND

VTS Level I -
A Vessel Movement Reporting System consisting
of VHF radio communications and various
vessel reporting waypoints. No radar
surveillance is included.

VTS Level II -
The Vessel Movement Reporting System of Level
I is coupled with basic radar surveillance.
The radar technology is assumed to be
equivalent to a good quality, recent vintage,
standard shipbecard radar withzsut any advanced
features.

VTS Level III -
This level represents the new Coast Guard
state-of-the-art Candidate VTS Design defined
for each study zone.
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APPENDIX TABLE N-9

ZONE 14, S8AN FRANCISCC, CA

CANDIDATE VT8 DESIGN - 1995-2010

Average Performance

Average Performance

High Performance

High Performance

Special Purpose

Special Purpose

Active Radar Transponder (Type 1)
Positional Transponder, Small
Area, Very High Accuracy (Type 5)
Positional Transponder, Small
Area, High Accuracy (Type 6)

Low power VHF Transmitting/
Receiving Facility

High power VHF Transmitting/
Receiving Facility

Module 12 - Air temperature, wind

direction and speed

Module 13 - Air temperature, wind

direction and speed,
visibility

Hydrological Module 14 - Water Temperature and

Depth

Hydrological Module 15 - Water Temperature, Depth

and Current

VHF/DF MODULE 16 ~ Line of position measurement to

2 degree RMS

CCTV MODULE 17 - rixed Focus CCTV via Telephone

UNITS

5 Radar Module 1 -
1 Radar Module 2 -
1 Radar Module 3 -
1 Radar Module 4 -
0 Radar Module 5 -
0 Radar Module 6 -
25 ADS Module 7 -
0 ADS Module 8 -
0 ADS Module 9 -
10 VHF Module 10 -
4 VHF Module 11 -
1 Meteorological

4 Meteorological

1

0

1

0

Lines

1

CCTV MODULE 18 - Remotely Controllable CCTV via
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Appendix N Zone 14 San Francisco, CA
TABLE 10A Avoided Vessel Casualties 1996 - 2010 7/31/9
Candidate VTS Systems
Counts

Vessel Type Size Collision Ramming Grounding Total
Passenger Medium .06 0.00 .10 .15
Passenger Small .58 .10 .87 1.55
Dry Cargo Large 1.61 .32 2.65 4.58
Dry Cargo Medium 1.18 .23 .63 2.04
Dry Cargo Smat L .24 .03 .06 .33
Tanker Large 1.43 .42 2.61 4.47
Tanker Medium .23 .03 .18 A
Tanker Small .05 0.00 .05 .10
Dry Cargo Barge T Small 2.17 .87 1.07 4.12
Tanker Barge Tow Small 1.21 .28 .98 2.46
Tug/Tow Boat Small .60 .23 .59 1.43

9.36 2.51 9.80 21.66
Undiscounted Total Dollar Losses (1,000)

Vessel Type Size Cotlision Ramming Grounding Total
Passenger Medium 107 0 107 214
Passenger Smat l 530 91 555 1,176
Dry Cargo Large 2,351 589 855 3,795
Dry Cargo Medium 1,864 452 193 2,510
Dry Cargo Smat i 171 23 39 233
Tanker Large 6,285 1,962 6,583 14,831
Tanker Medium 336 47 92 475
Tanker Small 33 0 15 48
Dry Cargo Barge T Small 122 132 17 271
Tanker Barge Tow Small 4,271 998 608 5,876
Tug/Tow Boat Small 50 36 47 133

16,121 4,331 9,110 29,562

Note: In Counts, 0.00 equats 0.0000000; .00 represents a number less
than 1 and greater than 0.0000000 rounded to two decimal places.
Counts totals were calculated before rounding.
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Appendix N 2one 14 San francisco, CA

TABLE 108 Avoided Vessel Casualties 1996 - 2010 7/31/91
Existing VIS Systems
Counts

Vessel Type Size Collision Ramming Grounding Total
Passenger Medium .04 0.00 .07 .1
Passenger Small .45 .10 .75 1.30
Dry Cargo Large 1.01 .23 1.88 .12
Dry Cargo Medium .68 15 .42 1.25
Dry Cargo Small 7 .03 .05 .25
Tanker Large .71 .23 1.61 2.55
Tanker Medium 11 .01 11 .24
Tanker Small .03 0.00 .04 .06
Dry Cargo Barge T Small 1.25 .54 .82 2.61
Tanker Barge Tow  Small .71 17 .75 1.62
Tug/Tow Boat Small 46 .21 .52 1.19

5.62 1.67 7.01 14.31
Undiscounted Total Dollar Losses (1,000)

Vessel Type Size Collision Ramming Grounding Total
Passenger Medium 73 0 80 153
Passenger Small 407 87 483 978
Dry Cargo Large 1,483 430 608 2,521
Dry Cargo Medium 1,078 296 129 1,504
Dry Cargo Small 123 21 32 176
Tanker Large 3,133 1,069 4,037 8,240
Tanker Medium 168 25 57 250
Tanker Smalt 18 0 10 29
Nry Cargo Barge T Small 70 79 13 163
Tanker Barge Tow  Small 2,518 627 467 3,612
Tug/Tow Boat Small 39 34 41 113

9,111 2,669 5,958 17,738

Note: In Counts, 0.00 equals 0.0000000; .00 represents a number less
than 1 and greater than 0.0000000 rounded to two decimal places.
Counts totals were calculated before rounding.
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Appendix N Zone 14 San Francisco, CA 7/24/91
TABLE 11 Avoided Fatalities 1996 - 2010
Vessel Type Size Cotlision Ramming Grounding Total
Candidate VTS Design - Counts
Passenger Medium .01 0.00 .01 .02
Passenger Small .04 .01 .06 .10
Dry Cargo Large 20 .04 .33 .57
Dry Cargo Medium .15 .03 .08 .26
Dry Cargo Small .02 .00 .00 .02
Tanker Small .00 0.00 .00 .00
Dry Cargo Barge Tow Small .00 .00 .00 .01
Tanker Barge Tow Small .00 .00 .00 .01
Tug/Tow Boat Small .00 .00 .00 .00
Totals .42 .08 .49 .99
Candidate VIS Design - Dollars
Passenger Medium 11,072.49 0.00 17,926.83 28,999.32
Passenger Small 55,702.08 9,639.92 83,189.82 148,531.83
Dry Cargo Large 302,574.70 59,638.16 498,764.09 860,976.96
Dry Cargo Medium 222,535.61 43,032.35 118,240.97 383,808.94
Dry Cargo Smal l 22,676.91 3,022.56 5,796.76 31,496.22
Tanker Small 161.04 0.00 169.73 330.77
Dry Cargo Barge Tow Small 7,189.41 2,886.26 3,548.50 13,624.18
Tanker Barge Tow Small 3,991.47 912.20 3,232.24 8,135.91
Tug/Tow Boat Smal l 1,993.50 756.32 1,961.74 4,711.56
Totats 627,897.21 119,887.78 732,830.69 1,480,615.68
Existing VTS Design - Counts
Passenger Medium .01 0.00 .01 .01
Passenger Smalt .03 .01 .05 .08
Dry Cargo Large .13 .03 .24 .39
Dry Cargo Medium .09 .02 .05 .16
Ory Cargo Small .01 .00 .00 .02
Tanker Smal l .00 0.00 .00 .00
Dry Cargo Barge Tow Small .00 .00 .00 .01
Tanker Barge Tow Small .00 .00 .00 .00
Tug/Tow Boat Small .00 .00 .00 .00
Totals .26 .06 .35 .67
Existing VTS Design - Dollars
Passenger Medium 7,668.94 0.00 13,731.83 21,400.78
Passenger Small 42,768.10 9,253.90 72,416.27 1264,438.28
Dry Cargo Large 190,577.38 43,334.77 353,478.47 587,390.62
Dry Cargo Medium 128,427.95 28,058.02 78,834.74 235,320.7
Dry Cargo Smalt 16,302.26 2,659.68 4,799.72 23,761.66
Tanker Small 88.40 0.00 119.17 207.58
Dry Cargo Barge Tow Small 4,143.79 1,771.19 2,704.92 8,619.90
Tanker Barge Tow Smatl 2,334.71 566.29 2,470.69 5,371.69
Tug/Tow Boat Small 1,5246.96 707.67 1,703.44 3,936.07
Totals 393,836.50 86,351.52 530,259.27 1,010,447.29

Note :

rounding.
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Appendix N Zone 14 San Francisco, CA 7/26/91

TABLE 12 Avoided Human Injuries 1996 - 2010
Vessel Type Size Collision Ramming Grounding Total
Candidate VTS Design - Counts
Passenger Medium .00 0.00 .00 .00
Passenger Small AN .08 .66 1.17
Dry Cargo Large .02 .00 .04 .06
Dry Cargo Medium .02 .00 .01 .03
Dry Cargo Small .18 .02 .05 .25
Tanker Small .00 0.00 .00 .00
Dry Cargo Barge Tow Small .05 .02 .03 .10
Tanker Barge Tow Small .03 .01 .02 .06
Tug/Tow Boat Small .01 .01 .0 .03
Totals 76 4 .81 1.7
Candidate VIS Design - Dollars
Passenger Medium 190.11 0.00 307.80 497.91
Passenger Smatll 104,887.94 18,152.14 156,647.82 279,687.90
Dry Cargo Large 5,195.13 1,023.97 8,563.65 14,782.75
Dry Cargo Medium 3,820.88 738.85 2,030.17 6,589.90
Dry Cargo Smal t 42,700.99 5,691.52 10,915.39 59,307.91
Tanker Smalt 281.38 0.00 296.57 577.95
Dry Cargo Barge Tow Smallt 12,562.16 5,043.21 6,200.35 23,805.72
Tanker Barge Tow Small 6,974 .36 1,593.90 5,647.73 14,215.99
Tug/Tow Boat Small 3,483.27 1,321.53 3,427.78 8,232.58
Totals 180,096.23 33,565.13 194,037.26 407,698.61
Existing VTS Design -  Counts
Passenger Medium .00 0.00 .00 .00
Passenger Small .34 .07 .57 .98
Dry Cargo Large .01 .00 .03 .04
Dry Cargo Medium .01 .00 .01 .02
Dry Cargo Small 13 .02 .04 .19
Tanker Small .00 0.00 .00 .00
Ory Cargo Barge Tow Smal l .03 .01 .02 .06
Tanker Barge Tow Smat L .02 .00 .02 .04
Tug/Tow Boat Small .01 .0 .01 .03
Totals .55 .12 .69 1.37
Existing VTS Design - Dollars
Passenger Medium 131.67 0.00 235.77 367.45
Passenger Smalt 80,533.05 17,425.26 136,361.05 234,319.35
Dry Cargo Large 3,272.16 744 .05 6,069.13 10,085.34
Dry Cargo Medium 2,205.07 481.75 1,353.57 4,040.40
Dry Cargo Small 30,697.42 5,008.22 9,037.96 44,7643.60
Tanker Smatl 154.47 0.00 208.24 362.70
Dry Cargo Barge iow Small 7,260.51 3,094.83 4,726.34 15,061.68
Tanker Barge Tow Smal | 4,079.47 989.49 4,317.08 9,386.04
Tug/Tow Boat Small 2,664.59 1,236.52 2,976.45 6,877.56
Totals 130,978.41 28,980.12 165,285.58 325,264.11

Note : In Counts, 0.00 equals 0.0000000; .00 represents a number less than 1 and greater
than 0.0000000 rounded to two decimal places. Counts totals were calculated before
rounding.
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Appendix N Zone 14  San Francisco, CA 7726791
TABLE 13 Avoided Vessels Damaged 1996 - 2010
Vessel Type Size Collision Ramming Grounding Total
Candidate VTS Design -  Counts
Passenger Medium .04 0.00 .D4 .08
Passenger Smal l 49 .07 .27 .83
Dry Cargo Large 1.19 .22 .26 1.68
Dry Cargo Medium .88 .16 .06 1.10
Dry Cargo Small .20 .02 .03 .26
Tanker Large 1.08 .34 .34 1.76
Tanker Medium 17 .02 .02 .22
Tanker Small .01 0.00 .01 .02
Dry Cargo Barge Tow Small 1.66 .37 .15 2.18
Tanker Barge Tow Small .92 .12 .14 1.17
Tug/Tow Boat Small .1 .03 .07 .21
Totals 6.76 1.35 1.40 9.51
Candidate VTS Design - Dollars
Passenger Medium 38,092.18 0.00 35,809.75 73,901.93
Passenger Small 168,520.00 22,795.34 139,454 .51 330,769.85
Dry Cargo Large 879,450.94 165,887.51 153,594.07 1,198,932.51
Dry Cargo Medium 781,417.53  144,606.96 27,223.57 953, 248.04
Dry Cargo Small 38,419.03 4,163.89 8,118.29 50,701.21
Tanker Large 848,811.01 266,932.39 738,044.99 1,853,788.38
Tanker Medium 114,182.06 14,611.06 43,372.34 172,165.46
Tanker Small 3,191.43 0.00 4,387.58 7,579.01
Dry Cargo Barge Tow Small 96,356.17 21,419.72 7,593.49 125,369.39
Tanker Barge Tow Small 65,356.53 8,270.64 12,288.07 85,915.25
Tug/Tow Boat Small 7,606.30 1,853.50 7,278.38 16,738.18
Totals 3,041,403.18 650,540.99 1,177,165.05 4,869,109.22
Existing VTS Design - Counts
Passenger Medium .03 0.00 .03 .06
Passenger Small .38 .06 .24 .68
Dry Cargo Large .75 .16 .18 1.10
Ory Cargo Medium .51 1 .04 .65
Dry Cargo Smal .15 .02 .03 .19
Tanker Large .54 .18 .21 .93
Tanker Medium .09 .01 .01 1
Tanker Small .01 0.00 .01 .01
Dry Cargo Barge Tow Smal l .96 .23 N 1.30
Tanker Barge Tow Small .54 .07 .10 .72
Tug/Tow Boat Small .08 .02 .06 17
Totals 4.02 .87 1.03 5.93
Existing VTS Design - Dollars
Passenger Medium 26,383.10 0.00 27,430.04 53,813.14
Passenger Small 129,389.79 21,882.53 121,394.37 272,666.69
ory Cargo Large 553,924.24 120,538.53 108,853.46 78%,316.2
Dry Cargo Medium 450,965.35 94,286.82 18,150.76 563,402.93
Dry Cargo Small 27,619.15 3,663.99 6,721.96 38,005.10
Tanker Large 422,807.24 145,174.25 454,238.40 1,022,219.89
Tanker Medium 56,574.09 7,876.67 26,701.26 91,152.02
Tanker Smalt 1,751.99 0.00 3,080.68 4,832.67
Dry Cargo Barge Tow Small 55,537.25 13,144 .51 5,788.28 74,470,064
Tanker Barge Tow Small 38,228.57 5,134.38 9,392.90 52,755.85
Tug/Tow Boat Small 5,818.56 1,734.28 6,320.06 13,872.90
Totals 1,768,999.33 413,435.96 788,072.17 2,970,507.45

Note :

rounding.
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Appendix N Zone 14  San Francisco, CA 7/29/91
TABLE 14 Avoided Cargo Damage/Loss 1996 - 2010
Vessel Type Size Collision Ramming Grounding Total
Candidate VTS Design -  Counts
Passenger Medium .01 0.00 .01 .02
Passenger Small .12 .02 .08 .21
Ory Cargo Large .43 N .26 .78
Dry Cargo Medium .32 .08 .06 .45
Dry Cargo Small .08 .01 .01 .10
Tanker Large .39 .12 .25 .76
Tanker Medium .06 .01 .02 .09
Tanker Small .01 0.00 .01 .02
Dry Cargo Tow Small .31 .12 .06 .49
Tanker Tow Small A7 .06 .06 .26
Tug/Tow Boat Small .04 .01 .02 .08
Totals 1.93 .52 .81 3.25
Candidate VTS Design - Doltars
Passenger Medium 167.58 0.00 111.45 279.03
Passenger Smalt 426.17 57.65 314.94 798.76
Ory Cargo Large 4,527.88 1,264 .41 705.80 6,498.09
Dry Cargo Medium 3,330.13 912.34 167.32 4,409.80
Dry Cargo Smal ( 176.36 18.90 36.44 229.70
Tanker Large 18,654.81 5,569.02 26,713.09 50,936.92
Tanker Medium 799.83 101.13 179.19 1,080.15
Tanker Smalt 38.42 0.00 25.71 64.13
Tanker Tow Small 13,293.61 3,043.50 4,365.10 20,702.21
Tug/Tow Boat Small 91.56 22.31 85.28 199.15
Totals 41,504.36 10,989.26 32,706.33 85,197.95
Existing VTS Design - -ounts
Passenger tedium .01 0.00 .01 .01
Passenger Smalt .09 .02 .07 .18
Dry Cargo Large .27 .08 17 .52
Dry Cargo Medium .18 .05 .04 .27
Oory Cargo Small .05 .01 N .07
Tanker Large .19 .06 16 .61
Tanker Medium .03 .00 .01 .05
Tank_r Smal l .00 0.00 .00 .01
Dr, Cargo Yow Small .18 .08 .05 .30
Tanker Tow Small .10 .02 .06 .17
Tug/Tow Boat Smalt .03 .01 .02 .06
Totals 1.14 34 .57 2.05
Existing VTS Design - Dollars
Passenger Medium 116.07 0.00 85.37 201.44
Passenger Small 327.22 55.34 274 .15 656.71
Dry Cargo Large 2,851.90 918.76 500.21 4,270.86
Dry Cargo Medium 1,921.86 594.87 111.56 2,628.29
Dry Cargo Smalt 125.34 16.63 30.17 172.15
Tanker Large 10,220.37 3,351.82 18,208.11 31,780.30
Tanker Medium 405.96 55.88 118.44 580.28
Tanker Small 22.89 0.00 19.01 41.90
Tanker Tow Small 8,567.65 2,075.88 3,683.92 14,327.45
Tug/Tow Boat Small 70.04 20.88 74.05 164.97
Totals 24,629.30 7,090.05 23,104.99 54,824.34

Notel:
spitled.

Note2:

rounding.
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Dollar values include bulk petrcleum and chemical cargos only and ail vessel fuels
Dotlar values exclude cargo loss/damage for non-tank vessel types.

in Counts, 0.00 equals 0.0000000; .00 represents a number less than 1 and greater
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Appendix N Zone 14 San Francisco, CA 7/26/91

TABLE 15 Avoided NavAid Damage 1996 - 2010
Vessel Type Size Collision Ramming Grounding Total
Candidate VTS Design - Counts
Passenger Smatl 0.00 .0 .00 .02
Dry Cargo Large 0.00 .04 .02 .05
Dry Cargo Medium 0.00 .03 .00 .03
Dry Cargo Small 0.00 .00 .00 .00
Tanker Large 0.00 .05 .0 .06
Tanker Medium 0.00 .00 .00 .00
Tanker Small 0.00 0.00 .00 .00
Dry Cargo Barge Tow Smal t 0.00 .10 .01 .1
Tanker Barge Tow small 0.00 .03 .01 .04
Tug/Tow Boat Small 0.00 .03 .00 .03
Totals 0.00 .29 .06 .34
Candidate VTS Design - Dollars
Passenger Small 0.00 64.81 28.00 92.81
Dry Cargo Large 0.00 204.66 85.69 290.35
Dry Cargo Medium 0.00 147.68 20.3 167.99
Dry Cargo Small 0.00 20.32 1.95 22.27
Tanker Large 0.00 274 .03 84.47 358.51
Tanker Medium 0.00 17.81 5.95 23.76
Tanker Small 0.00 0.00 1.66 1.66
Dry Cargo Barge Tow Smal l 0.00 563.64 34.69 598.34
Tanker Barge Tow Small 0.00 178.14 31.60 209.74
Tug/Tow Boat Smat 0.00 147.70 19.18 166.88
Totals 0.00 1,618.80 313.50 1,932.30
Existing VTS Design - Counts
Passenger Small 0.00 .01 .00 .02
Dry Cargo Large 0.00 .03 .01 .04
Dry Cargo Medium 0.00 .02 .00 .02
Dry Cargo Smal | 0.00 .00 .00 .00
Tanker Large 0.068 .03 .M .04
Tanker Medium 0.00 .00 .00 .00
Tanker Small 0.00 0.00 .00 .00
Dry Cargo Barge Tow Small 0.00 .06 .00 .07
Tanker Barge Tow Smatl 0.00 .02 .00 .02
Tug/Tow Boat Smatl 0.00 .02 .00 .03
Totals 0.00 .19 .04 .23
Existing VTS Design - Dollars
Passenger Small 0.00 62.21 24.37 86.59
Dry Cargo Large 0.00 1648.71 60.73 209.44
Dry Cargo Medium 0.00 96.29 13.54 109.83
Dry Cargo Smatl 0.00 17.88 1.62 19.50
Tanker Large 0.00 149.04 51.99 201.03
Tanker Medium 0.00 9.60 3.66 13.27
Tanker Smal | 0.00 0.00 1.17 1.17
Ory Cargo Barge Tow Smatl 0.00 345.89 26.44 372.33
Tanker Barge Tow Smail 0.00 110.59 26.15 134.74
Tug/Tow Bcat Smail 0.00 138.20 16.65 154 .85
Totals 0.00 1,078.41 224.33 1,302.74

Note : In Counts, 0.00 egquals 0.0000000; .0G represents a number less than 1 and greater
than 0.0000000C rounded to two decimal places. Counts totals were calculated before
rounding.
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Appendix N 2one 14  San fFrancisco, CA 7/26/91
TABLE 16 Avoided Bridge Damage 1996 - 2010
Vessel Type Size Collision Ramming Grounding Total
Candidate VTS Design -  Counts
Passenger Small .00 .01 0.00 .01
Dry Cargo Large 0.00 .02 0.00 .02
bry Cargo Medium 0.00 .01 0.00 .01
Ory Cargo Small .00 .00 0.00 .00
Tanker Large 0.00 .03 0.00 .03
Tanker Medium 0.00 .00 0.00 .00
Tanker Small .00 0.00 0.00 .00
Dry Cargo Barge Tow Small .00 .05 0.00 .05
Tanker Barge Tow Small .00 .02 0.G0 .02
Tug/Tow Boat Small .00 .01 0.00 .01
Totals .01 .15 0.00 .16
Candidate VTS Design - Dollars
Passenger Small 1,536.37 11,958.26 0.00 13,494.63
Dry Cargo Large 0.00 37,427.49 0.00 37,427.49
Dry Cargo Medium 0.00 29,922.07 0.00 29,922.07
Ory Cargo Small 550.71 3,334.29 0.00 3,884.99
Tanker Large 0.00 66,776.68 0.60 66,776.68
Tanker Medium 0.00 4,398.95 0.00 4,398.95
Tanker Small 88.30 0.00 0.00 88.30
Dry Cargo Barge Tow Small 5,524.84 102,294.59 0.00 107,819.43
Tanker Barge Tow Small 2,887.46 30,952.02 0.00 33,839.48
Tug/Tow Boat Small 1,266.87 22,5%92.09 0.00 23,858.97
Totals 11,854.55 309,656.45 0.00 321,510.99
Existing VTS Design - Counts
Passenger Small .00 .01 0.00 .01
Dry Cargo Large 0.00 .01 0.00 .01
Dry Cargo Medium 0.00 .01 0.00 .01
Dry Cargo Small .00 .00 0.00 .00
Tanker Large 0.00 .02 0.00 .02
Tanker Medium 0.00 .00 0.00 .00
Tanker Smal | .00 0.00 0.00 .00
Dry Cargo Barge Tow Small .00 .03 0.00 .03
Tanker Barge Tow Smal .00 .01 0.00 .01
Tug/Tow Boat Smalt .00 .01 0.00 .01
Totals .00 .10 0.00 .10
Existing VTS Design - Dollars
Passenger Small 1,179.58 11,479.93 0.00 12,659.52
Dry Cargo Large 0.00 28,821.10 0.00 28,821.10
Ory Cargo Medium 0.00 20,017.99 0.00 20,017.99
Dry Cargo Small 4L08.47 3,026.04 0.00 3,434.50
Tanker Large 0.00 35,181.47 0.00 35,181.47
Tanker Medium 0.00 2,267.83 0.00 2,267.83
Tanker Small 48.40 0.00 0.00 48.40
Dry Cargo Barge Tow Smatl 3,099.67 61,139.05 0.00 64,238.72
Tanker Barge Tow Small 1,607.26 18,296.22 0.00 19,903.48
Tug/Tow Boat Small 959.87 21,222.73 0.00 22,182.60
Totals 7,303.26 201,452.36 0.00 208,755.62

Note : In Counts, 0.00 equals 0.0000000; .00 represents a number less than 1 and greater
than 0.0000000 rounded to twe decimal places. Counts totals were calculated before

rounding.
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Appendix N Zone 14 San francisco, CA
TABLE 17  Avoided Hazardous Commodity Spills 1996 - 2010 7/30/91

Commodity Catastrophic Large Medium Small Total

Candidate Vts Design - Counts

ALCOHOLS 0.00 .00 .00 .00 .00
BENZEMNE AND TOLUENE 0.00 .00 .00 .00 .00
KEROSENE .00 .00 .00 .00 .00
JET FUEL .00 .00 .01 .00 .0
DISTILLATE FUEL OIL .00 .01 .02 .30 .33
GASOLINE, INCL NATURAL .01 .01 .04 .00 .06
RESIDUAL FUEL OIL .01 .05 .49 .89 1.43
CRUDE PETROLEUM .02 .05 .06 .0 13

04 12 61 1.20 1.97

Existing Vts Design - Counts

ALCOHOLS 0.00 .00 .00 .00 .00
BENZENE AND TOLUENE 0.00 .00 .00 .00 .00
KEROSENE .00 .00 .00 .00 .00
JET FUEL .00 .00 .00 .00 .0
DISTILLATE FUEL OIL .00 .00 .01 .24 .26
GASOLINE, INCL MNATURAL .00 .01 .02 .00 .03
RESIDUAL FUEL OIL .0 .03 .29 .52 .85
CRUDE PETROLEUM .01 .03 .03 .00 .07

.02 Rerg .36 77 1.23

Note: In Counts, 0.00 equals 0.0000000; .00 represents a number less
than 1 and greater than 0.0000000 rounded to two decimal places.
Counts totals were calculated before rounding.
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Appendix N Zone 14 San Francisco, CA
TABLE 18A Annual Benefit & Cost Streams 7/31/91
Candidate VTS Systems

Discounted to 1993

Operation &

Year Investment Maintenance Benefits

($1,000) ($1,000) (51,000)
1993 13,917 0 0
1996 0 1,041 1,423
1997 0 946 1,307
1998 0 860 1,201
1999 P 782 1,104
2000 0 711 1,015
2001 0 646 935
2002 0 587 861
2003 0 534 793
2004 0 485 730
2005 0 441 673
2006 0 401 620
2007 0 365 572
2008 0 332 827
2009 0 301 486
2010 0 274 448
13,917 8,707 12,694

Undiscounted

Operation &

Year Investment Maintenance Benefits

($1,000) ($1,000) ($1,000)
1993 13,917 0 0
1996 0 1,322 1,807
1997 0 1,322 1,827
1998 0 1,322 1,847
1999 0 1,322 1,867
2000 0 1,322 1,887
2001 0 1,322 1,912
2002 0 1,322 1,938
2003 0 1,322 1,964
2004 0 1,322 1,989
2005 0 1,322 2,015
2006 0 1,322 2,044
2007 0 1,322 2,073
2008 0 1,322 2,101
2009 0 1,322 2,130
2010 0 1,322 2,160
13,917 19,833 29,562
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Appendix N Zone 14 San Francisco, CA
TABLE 18B Annual Benefit & Cost Streams 7/31/91
Existing VTS Systems

Discounted to 1993

Operation &

Year Investment Maintenance Benefits

($1,000) ($1,000) ($1,000)
1993 0 0 0
1996 0 1,771 849
1997 0 1,610 781
1998 0 1,464 718
1999 0 1,331 660
2000 0 1,210 607
2001 0 1,100 560
2002 0 1,000 516
2003 0 909 476
2004 0 826 438
2005 0 751 404
2006 0 683 373
2007 0 621 344
2008 0 564 317
2009 0 513 293
2010 0 466 270
0 14,817 7,607

Undiscounted

Operation &

Year Investment Maintenance Benefits

($1,000) ($1,000) (S$S1,00C0)
1993 0 0 0
19386 0 2,250 1,079
1997 0 2,250 1,092
1998 0 2,250 1,104
1999 0 2,250 1,117
2000 0 2,250 1,129
2001 0 2,250 1,145
2002 0 2,250 1,161
2003 0 2,250 1,178
2004 0 2,250 1,194
2005 0 2,250 1,210
2006 0 2,250 1,229
2007 0 2,250 1,247
2008 0 2,250 1,266
2009 0 2,250 1,285
201C 0 2,250 1,303
0 33,750 17,738
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APPENDIX N
2ONE 14 - SAN FRANCISCO, CA

STUDY SUB-ZONE MARINE SPECIES ABUNDANCE - INPUT DATA FOR NRDAM/CME MODEL

Wildlife Abundance Tables
Fish & Shellfish

San Franscico (Port 14) Grams per Square Meter
Port & Species Species Species Spring Summer Fall Winter
Subzone Category Code Name Apr-Jun  Jul-Sep Oct-Dec Jan-Mar
1401 101 1 American Shad .0458 .0458 .0458 .0458
1401 101 81 Chinook Salmon .0167 .0167 .0167 .0167
1401 101 82 Coho Satmon .0130 .0130 .0130 0.0000
1401 102 44 stripped Mullet .0024 .0024 .0024 .0024
1401 102 83 Pacific Mackerel .4800 .4800 .4800 .4800
1401 102 84 Jack Mackerel .0318 .0318 .0318 .0318
1401 102 85 Pacific Anchovy 1.1900 1.1900 1.1900 1.1900
1401 102 86 Pacific Herring .8341 .8341 .8341 .8341
1401 103 50 Bonito .0750 .1500 .0750 0.0000
1401 104 12 Tuna 0.0000 .2200 0.0000 0.0000
1401 104 13 Swordf ish .0480 .0480 .0480 .0480
1401 104 14 Sapfin Shark .0160 .0160 .0160 .0160
1401 104 14 Shark .0178 .0178 .0178 .0178
1401 104 15 Spiny Dogfish .8460 .8460 .8460 .8460
1401 105 88 Kalibut .0270 .0270 .0270 .0270
1401 105 104 Starry Flounder L0157 .0157 .0157 .0157
1401 105 106 Dover Sole .2528 .2528 .2528 .2528
1401 105 107 English sole 3716 3716 L3716 .3716
1401 105 108 Rock Sole .0013 .0013 .0013 .0013
1401 105 17 Spotted Ratfish .0256 .0256 .0256 .0256
1401 105 140 Slendersole .0057 .0057 .0057 .0057
1401 105 242 Petrale Sole .0374 .0374 .0374 .0374
1401 105 250 Rex Sole . 1829 .1829 .1829 .1829
1401 106 76 Seabass .0070 .0070 .0070 .0070
1401 106 90 Bocaccio .1046 . 1046 .1046 .1046
1401 106 90 Cannery Rockfish .8718 .8718 .8718 .8718
1401 106 90 Chilepeper .8034 .8034 .8034 .8034
14601 106 90 Copper Rockfish .0133 .0133 .0133 .0133
1401 106 90 Dark Blocted Rockfish .0352 .0352 .0352 .0352
1401 106 90 Greenstripe Rockfish .0501 .0501 .0501 .0501
1401 106 90 Splitnose Rockfish .1203 .1203 .1203 .1203
1401 106 90 Stripetail Rockfish . 2947 2947 2947 L2947
1401 106 90 Widow Rockfish .0335 .0335 .0335 .0335
1401 106 90 Yellowtail Rockfish .1853 .1853 .1853 .1853
1401 106 92 Sablefish A721 721 721 1721
1401 106 94 Lingcod L1692 .1692 L1692 L1692
1401 106 95 Pacific Whiting 2.0457 2.0457 2.0457 2.0457
1401 106 112 Pacific Sanddab .2896 .2896 .2896 .2896
1401 106 116 Big Skate .0151 .0151 L0151 .0151
1401 106 16 Longnose Skate .0607 .0607 .0607 .0607
1401 106 135 Plainfin Midshipmen .1186 .1186 .1186 .1186
1401 106 199 Pacific Pompano .0307 .0307 .0307 .0307
1401 106 253 white Croaker .2942 2942 .2942 .2942
14601 108 217 Crabs .0850 .0850 .0850 .0580
1401 108 219 Spiny Lobster .0300 .0300 .0300 .0300
1401 108 221 Dungness Crab .0035 .0035 .0035 .0035
1401 108 222 Shrimp .2700 .2700 .2700 .2700
1401 109 223 Market Squid .0101 .0101 .0101 .0101
1401 109 223 Squid .4800 .4800 .4800 .4800
1402 101 1 American Shad .0458 .0458 .0458 .0458
1402 101 81 Chinook Salmon .0167 L0167 .0167 L0167
1402 101 82 Coho Salmon .0130 .0130 .0130 0.0000
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APPENDIX N
ZONE 14 - SAN FRANCISCO, CA (Cont.)

STUDY SUB-ZONE MARINE SPECIES ABUNDANCE - INPUT DATA FOR NRDAM/CME MODEL

Wildlife Abundance Tables
fish & Shellfish

San Franscico (Port 14) Grams per Square Meter
Port & Species Species Species Spring Summer Fall Winter
Subzone Category Code Name Apr-Jun  Jul-Sep Oct-Dec  Jan-Mar
1402 102 44 Striped Mullet .0024 .0024 .0024 .0024
1402 102 83 Pacific Mackerel .4800 .4800 .4800 .4800
1402 102 84 Jack Mackerel .0318 .0318 .0318 .0318
1402 102 85 Pacific Anchovy 1.1900 1.1900 1.1900 1.1900
1402 102 86 Pacific Herring .8341 .8341 .8341 .8341
1402 103 50 Bonito L0750 .1500 .0750 0.0000
1402 104 12 Tuna 0.0000 .2200 0.0000 0.0000
1402 104 13 Swordfish .0480 .0480 .0480 .0480
1402 104 14 Sapfin Shark .0160 .0160 .N160 .0160
1402 104 14 Shark .0178 .0178 .0178 .0178
1402 104 15 Spiny Dogfish .8460 .8460 .8460 .8460
1402 105 88 Halibut .0270 .0270 .0270 .0270
1402 105 104 Starry Flounder L0157 .0157 .0157 .0157
1402 105 106 Dover Sole .2528 .2528 .2528 .2528
1402 105 107 English Sole 3716 3716 L3716 3716
1602 105 108 Rock Sole .0013 .0013 .0013 .0013
1402 105 117 Spotted Ratfish .0256 .0256 .0256 .0256
1402 105 140 Slendersole .0057 .0057 .0057 .0057
1402 105 242 Petrale Sole .0374 .0374 .0374 .0374
1402 105 250 Rex Sole .1829 .1829 .1829 .1829
1402 106 76 Seabass .0070 .0070 .0070 .0070
1402 106 90 Bocaccio L1046 1046 L1046 L1046
1402 106 90 Cannery Rockfish .8718 .8718 .8718 .8718
1402 106 90 Chi lepeper .8034 .8034 .8034 .8034
1402 106 90 Copper Rockfish .0133 .0133 .0133 .0133
1402 106 90 Dark Blocted Rockfish .0352 .0352 .0352 .0352
1402 106 90 Greenstripe Rockfish .0501 .0501 .0501 .0501
1402 106 90 Splitnose Rockfish .1203 .1203 .1203 .1203
1402 106 90 Stripetail Rockfish L2947 L2947 2947 2947
1402 106 90 Widow Rockfish .0335 .0335 .0335 .0335
1402 106 90 Yellowtail Rockfish .1853 .1853 .1853 .1853
1402 106 92 Sablefish JA721 721 L1721 1721
14602 106 94 Lingcod .1692 .1692 .1692 L1692
1402 106 95 Pacific whiting 2.0457 2.0457 2.0457 2.0457
1402 106 12 Pacific Sanddab .289¢ .2896 .2896 .2896
1402 106 116 8ig Skate .0151 .0151 L0151 .0151
1402 106 116 Longnose Skate .0607 .0607 .0607 .0607
1402 106 135 Plainfin Midshipmen .1186 L1186 .1186 .1186
1402 106 199 Pacific Pompano .0307 .0307 .0307 .0307
1402 106 253 white Croaker .2942 2942 .2942 .2942
1402 108 217 Crabs .0850 .0850 .0850 .0580
1402 108 219 Spiny Lobster .0300 .0300 .0300 .0300
1402 108 221 bungness Crab .0035 .0035 .0035 .0035
1402 108 222 shrimp .2700 .2700 .2700 .2700
1402 109 223 Market Squid .0101 L0101 .0101 .0101
1402 109 223 squid .4800 .4800 .4800 .4800
1403 101 1 American Shad 9.6139 8.9435 39.0094 11,4039
1403 101 81 King Selmon 6.8800 1.9700 7.0490 18.1570
1403 101 262 Threadfin Shad .0062 .0923 .8949 .0062
1403 102 85 Anchovy L7700 L7700 .3800 L7700
1403 102 86 Pacific Herring 26.1500 11.2300 6.2500 25.8900
1403 102 126 sunfish .0123 0.0000 0.0000 .0393
1403 102 256 Three Spine Stickieback .0984 L0049 0.000C 1.0112
1403 102 263 Northern Anchovy 7.5800 15.0000 1.6300 1.4500
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APPENDIX N
20NE 14 - SAN FRANCISCO, CA (Cont.)

STUDY SUB-ZONE MARINE SPECIES ABUNDANCE - INPUT DATA FOR NRDAM/CME MODEL

Wildlife Abundance Tables
Fish & Shellfish

San Franscico (Port 14) Grams per Square Meter
Port & Species Species Species Spring Summer Fall Winter
Subzone Category Code Name Apr-Jun Jul-Sep Oct-Dec  Jan-Mar
1403 103 9 Stripped Bass 39.1693 8.5436 10.9610 10.5817
1403 103 264 Steelhead Rainbow Trout 1.7468 .3199 .0738 .2952
1403 104 14 Shark 1.7000 1.7000 1.7000 1.7000
1403 105 104 Starry Flounder 4.8346 1.3286 .3875 .2706
1403 105 137 Sand Sole .0184 0.0000 0.0000 .0369
1403 106 48 catfish 0.0000 .0553 0.0000 1107
1403 106 90 Rockfish .0307 0.0000 0.0000 .0307
1403 106 91 shiner Perch .5289 .0246 .0184 .0492
1403 106 91 Walleye Surfperch .0615 L0369 0.0000 .0123
1403 106 94 Lingcod .1107 0.0000 0.0000 0.0000
1403 106 103 Smelt L3494 4.5900 .5019 .1658
1403 106 103 Smelt 50.3660 2.2346 .1845  17.5942
1403 106 109 Sculpin .6200 .6815 .0074 .1181
1403 106 115 Pacific Tomcod .2398 0.0000 1107 1.9375
1403 106 120 Gobies L1594 0.0000 0.0000 .1420
1403 106 199 Northern Midshipmen .9349 .4428 L0147 .0098
1403 106 199 Pacific Lamprey 1107 0.0000 0.0000 . 1661
1403 106 199 River Lamprey L1599 0.0000 0.0000 .1107
1403 106 199 Sptittail 1.2449 0.0000 0.0000 .6938
1403 106 244 Bay Pipefish .2017 .0074 .0074 .0541
1403 106 253 White Croaker .0934 0.0000 .0024 .2500
1403 106 265 Carp .0639 0.0000 0.0000 .0196
1403 107 211 Dungeness Crab .4700 .4700 .4700 .4700
1503 108 222 Pacific Shrimp 2.4000 2.4000 2.4000 2.4000
1606 101 1 American Shad 9.6139 8.9435 39.0094 11.4039
1404 101 81 King Salmon 6.8800 1.9700 7.0490 18.1570
1404 10 262 Threadfin Shad .0062 .0923 .8949 .0062
1404 102 85 Anchovy .7700 .7700 .3800 .7700
1404 102 86 Pacific Herring 26.1500  11.2300 6.2500 25.8900
1404 102 126 Sunfish .0123 0.0000 0.0000 .0393
1404 102 256 Three Spine Stickleback .0984 .0049 0.0000 1.0112
1404 102 263 Northern Anchovy 7.5800 15.0000 1.6300 1.4500
1404 103 9 Striped Bass 39.1693 8.5436 10.9610 10.5817
1404 103 264 Steelhead Rainbow Trout 1.7468 3199 .0738 .2952
1404 104 14 Shark 1.7000 1.7000 1.7000 1.7000
14604 105 104 Starry Flounder 4.8346 1.3286 .3875 .2706
1404 105 137 Sand Sole .0184 0.0000 0.0000 .0369
1404 106 48 Catfish 0.0M0 L0553 0.0000 .1107
1604 106 90 Rockfish .0307 0.0000 0.0000 .0307
1404 106 91 Shiner Perch .5289 .0246 .0184 .0492
1404 106 91 Walleye Surfperch .0615 .0369 0.0000 .0123
1404 106 9% Lingcod L1107 0.0000 0.0000 0.0000
1404 106 103 Smelt .3494 4.5900 .5019 .1658
1404 106 103 Smelt 50.3660 2.2346 L1845 17.5942
1404 106 109 Sculpin .6200 .6815 .0074 1181
1404 106 115 Pacific Tomcod .2398 0.0000 .1107 1.9375
1404 106 120 Gobies L1594 0.0000 0.0000 . 1420
1404 106 199 Northern Midshipmen L9349 .4428 L0147 .0098
1404 106 199 Pacific Lamprey 1107 0.0000 0.0000 L1661
1404 106 199 River Lamprey L1599 £.0000 0.0000 1107
1604 106 199 splittail 1.2449 0.0000 0.0000 .6938
1406 106 244 Bay Pipefish .2017 .0074 .0074 .0541
1404 106 253 white Croaker .0934 0.0000 .0024 .2500
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APPENDIX N
20NE 14 - SAN FRANCISCO, CA (Cont.)

STUDY SUB-ZONE MARINE SPECIES ABUNDANCE - INPUT DATA FOR NRDAM/CME MODEL

Wildlife Abundance Tables
Fish & Shellfish

San Franscico (Port 14) Grams per Square Meter
Port & Species Species Species Spring Summer Fall Winter
Subzone Category Code Name Apr-Jun Jul-Sep Oct-Dec Jan-Mar
1404 106 265 Carp .0639 0.0000 0.0000 .0196
1404 107 211 Dungeness Crab .4700 L4700 .4700 4700
1404 108 222 Pacific Shrimp 2.4000 2.4000 2.4000 2.4000
1405 101 1 American Shad 9.6139 8.9435 39.0094 11.4039
1405 101 81 King Salmon 6.8800 1.9700 7.0490 18.1570
1405 101 262 Threadfin Shad .0062 .0923 .8949 .0062
1405 102 85 Anchovy .7700 .7700 .3800 .7700
1405 102 86 Pacific Herring 26.1500 11,2300 6.2500 25.8900
1405 102 126 Sunfish .0123 0.0000 0.0000 .0393
1405 102 256 Three Spine Stickleback .0984 .0049 0.0000 1.0112
1405 102 263 Northern Anchovy 7.5800 15.0000 1.6300 1.4500
1405 103 9 Stripped Bass 39.1693 8.5436 10.9610 10.5817
1405 103 264 Steelhead Rainbow Trout 1.7468 3199 .0738 2952
1405 104 14 Shark 1.7000 1.7000 1.7000 1.700C
1405 105 104 Starry Flounder 4.8346 1.3286 .3875 .2706
1405 105 137 Sand Sole .0184 0.0000 0.0000 .0369
1405 106 48 Catfish 0.0000 .0553 0.0000 1107
1405 106 90 Rockfish .0307 0.0000 0.0000 .0307
1405 106 91 Shiner Perch .5289 .0246 .0184 .0492
1405 106 91 Walleye Surfperch .0615 .0369 0.0000 .0123
1405 106 9% Lingcod .1107 0.0000 0.0000 0.0000
1405 106 103 Smelt .3494 4,5900 .5019 .1658
1405 106 103 Smelt 50.3660 2.2346 L1845 17.5942
1405 106 109 Sculpin .6200 .6815 .0074 .1181
1405 106 115 Pacific Tomcod .2398 0.0000 .1107 1.9375
1405 106 120 Gobies L1594 0.0000 0.0000 .1420
1405 106 199 Northern Midshipmen .9349 .4428 L0147 .0098
1405 106 199 Pacific Lamprey .1107 0.0000 0.0000 .1661
1405 106 199 River Lamprey .1599 0.0000 0.0000 .1107
1405 106 199 Splittail 1.2449 0.0000 0.0000 .6938
1405 106 244 Bay Pipefish .2017 .0074 .0074 .0541
1405 106 253 white Croaker L0934 0.0000 .0024 .2500
1405 106 265 Carp .0639 0.0000 0.0000 .0196
1405 107 21 Dungeness Crab .4700 .4700 .4700 L4700
1405 108 222 Pacific Shrimp 2.4000 2.4000 2.4000 2.4000
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APPENDIX N
ZONEZORE - 16AN SRANERSBO[SCS, (CAnt.)

STUDY SUB-ZONE MARINE SPECIES ABUNDANCE - INPUT DATA FOR NRDAM/CME MODEL

........................................................................................................

Wildlife Abundance Tables
Fish & Shellfish Larvae

San Franscico (Port 14) Numbers per Square Meter
Port & Species Species Species Spring Sunmer Fall Winter
Subzone Category Code Name Apr-dun  Jul-Sep Oct-Dec  Jan-Mar
1401 202 1084 Jack Mackerel .0100 .2500 0.0000 .0500
1401 202 1084 Jack Mackerel .0100 .2500 0.0000 .0500
1401 202 1263 Northern Anchovy 25.0000 5.0000 2.0000 0.0000
1401 202 1263 Northern Anchovy 25.0000 5.0000 2.0000 0.0000
1401 203 1199 Larvae 2.1000 2 5500 .1000 0.0000
1401 203 1199 Larvae 2.1000 ¢ .0000 .1000 0.0000
1401 204 1199 Larvae 2.1000 0.0000 0.0000 0.0000
1401 204 1199 Larvae 2.1000 0.0000 0.0000 0.0000
1401 205 1088 California Hatibut .2500 0.0000 0.0000 0.0000
1401 205 1088 California Kalibut .2500 0.0000 0.0000 0.0000
1401 205 1100 Dover Sole 5.0000 2500 0.0000 0.0000
1401 205 1100 Dover Sole 5.0000 .2500 0.0000 0.0000
1401 205 1101 Turbots 0.000G 0.0000 .2500 0.0000
1401 205 1101 Turbots 0.0000 0.0000 .2500 0.0000
1401 205 1107 English Sole .1000 0.0000 0.0000 .2500
1401 205 1107 English Sole .1000 0.0000 0.0000 .2500
1401 205 113 Other Sanddabs 5.0000 0.0000 .5000 .0100
1401 205 1113 Other Sanddabs 5.0000 0.0000 .5000 .0100
1401 205 1139 Speckled Sanddab 2.5000 0.0000 5.0000 0.0000
1401 205 1139 Speckled Sanddab 2.5000 0.0000 5.0000 0.0000
1401 205 1140 Slender Sole .5000 .2500 0.0000 0.0000
1401 205 1140 Slender Sole .5000 .2500 0.0000 0.0000
1401 205 1242 Rex Sole .5000 .2500 0.0000 0.0000
1401 205 1242 Rex Sole .5000 .2500 0.0000 0.0000
16401 206 1090 Rockfishes 6.9500 1.6300 3.7630 23.1100
1401 206 1090 Rockfishes 6.9500 1.6300 3.7630 23.1100
1401 206 1095 Pacific Hake .2500 0.0000 0.0000 .2500
1401 206 1095 Pacific Hake .2500 0.0000 0.0000 .2500
1401 207 1199 Larvae 2.0000 20.0000 2.0000 0.0000
1401 207 1199 Larvae 2.0000 20.0000 2.0000 0.0000
1401 208 1199 Larvae .0016 .0042 0.0000 0.0000
1401 208 1199 Larvae .0016 .0042 0.0000 0.0000
1402 202 1084 Jack Mackerel .0100 .2500 0.0000 .0500
1402 202 1084 Jack Mackerel .0100 .2500 0.0000 .0500
1602 202 1263 Northern Anchovy 25.0000 5.0000 2.0000 0.0000
1402 202 1263 Northern Anchovy 25.0000 5.0000 2.0000 0.0000
1402 203 1199 Larvae 2.1000 2.0000 .1000 0.0000
1402 203 1199 Larvae 2.1000 2.0000 .1000 0.000C
1402 204 1199 tarvae 2.1000 0.0000 0.0000 0.0000
1402 204 1199 Larvae 2.1000 0.0000 0.0000 0.0000
1402 205 1088 California Halibut .2500 0.0000 0.0000 0.0000
1402 205 1088 California Halibut .2500 0.0000 0.0000 0.0000
1402 205 1100 Dover Sole 5.0000 .2500 0.0000 0.0000
1402 205 1100 Dover Sole 5.0000 .2500 0.0000 0.0000
1402 205 1101 Turbots 0.0000 0.0000 .2500 0.0000
1402 205 1101 Turbots 0.0000 0.0000 .2500 0.0000
1402 205 1107 English Sole .1000 0.0000 0.0000 .2500
1402 205 1107 English Sole .1000 0.0000 0.0000 .2500
1402 205 1113 Other Sanddabs 5.0000 0.0000 .5000 .0100
16402 205 1113 Other Sanddabs 5.0000 0.0000 .5000 .0100
1402 205 1139 Speckled Sanddab 2.5000 0.0000 5.0000 0.0000
1602 205 1139 Speckled Sanddab 2.5000 0.0000 5.0000 0.0000
1402 205 1140 Stender Sole .5000 .2500 0.0000 0.0000
1402 205 1140 Slender Sole .5000 .2500 0.0000 0.0000
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ZONE 14 - SAN FRANCISCO, CA (Cont.)

STUDY SUB-ZONE MARINE SPECIES ABUNDANCE - INPUT DATA FOR NRDAM/CME MODEL

Wildlife Abundance Tables
Fish & Shellfish Larvae

San franscico (Port 14) Numbers per Square Meter
Port & Species Species Species Spring Summer Fall Winter
Subzone Category Code Neme Apr-Jun Jul-Sep Oct-Dec Jan-Mar
1402 205 1242 Rex Sole .5000 .2500 0.0000 0.0000
1402 205 1242 Rex Sole .5000 .2500 0.0000 0.0000
1402 206 1090 Rockfishes 6.9500 1.6300 3.7630 23.1100
1402 206 1090 Rockfishes 6.9500 1.6300 3.763n 23.1100
1402 206 1095 Pacific Hake .2500 0.0000 0.0000 .2500
1402 206 1095 Pacific Heke .2500 0.0000 0.0000 .2500
1402 207 1199 Larvae 2.0000 20.0000 2.0000 0.0000
1402 207 1199 Larvae 2.0000 20.0000 2.0000 0.0000
1402 208 1199 Larvae .0016 .0042 0.0000 0.0000
1402 208 1199 Larvae .0016 .0042 0.0000 0.0000
1403 202 1199 Larvae 1367.0000 651.0000 65.0000 13467.0000
1403 203 1199 Larvae 12.2000 11.6000 .5800 0.0000
1403 205 1199 Larvae 5.0000 5.8000 .5800 5.8000
1403 206 1199 Larvae 15.4000 23.1000 7.7000 15.4000
1403 207 1199 Larvae 20.0000 200.0000 20.0000 0.0000
1403 208 1199 Larvae .0160 .0420 0.0000 0.0000
1604 202 1199 Larvae 1367.0000 651.0000 65.0000 1367.0000
1404 203 1199 Larvae 12.2000 11.6000 .5800 0.0000
1404 205 1199 Larvae 5.0000 5.8000 .5800 5.8000
1404 206 1199 Larvae 15.4000 23.1000 7.7000 15.4000
1404 207 1199 Larvae 20.0000 200.0000 20.0000 0.0000
1404 208 1199 Larvae .0160 .0420 0.000v 0.0000
1405 202 1199 Larvae 1367.0000 651.0000 65.0000 1367.0000
1405 203 1199 Larvae 12.2000 11.6000 .5800 0.0000
1405 205 1199 Larvae 5.0000 5.8000 .5800 5.8000
1405 206 1199 Larvae 15.4000 23.1000 7.7000 15.4000
1405 207 1199 Larvae 20.0000 200.0000 20.0000 0.0000
1405 208 1199 Larvae .0160 .0420 0.0000 0.0000
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ZONE 14 - SAN FRANCISCO, CA (Cont.)

STUDY SUB-ZONE MARINE SPECIES ABUNDANCE - INPUT DATA FOR NRDAM/CME MODEL

Witdlife Abundance Tables

San Franscico

Port &

Species

m
m
m
12
13
m
m
m
1M
112
13
m
"M
m
m
112
13

(Port 14)

Species Species
Subzone Category Code

514
570
530

Name

Scoters
Loons
Grebes
Shorebirds
Cormorants
Gulls
Sheerwater
Jaegers
Alcids
Phalaropes
Pelicans
Other Birds
Ducks
Coots
Geese
Swans
Scoters
Loons
Grebes
shorebirds
Cormorants
Gulls
Sheerwater
Jaegers
Alcids
Phalaropes
Pelicans
Other Birds
Ducks
Coots
Geese
Swans
Shorebirds
Seabirds
Ducks
Coots
Geese
Swans
Shorebirds
Seabirds
Ducks
Coots
Geese
Swans
Shorebirds
Seabirds

Birds

Numbers per Square Kilometer

Spring
Apr-Jun

115.0000
3.3000
18.0000
1.7000
6.3500
2.6500
.8000
582.0000
.4700
88.9200
.9800
.0600
39.4500
1.0500
.1800
1.3800
115.0000
3.3000
18.0000
1.7000
6.3500
2.6500
.8000
582.0000
L4700
88.9200
.9800
.0600
39.4500
1.0500
.1800
1.3800
115.0060
3.3000
18.0000
1.7000
582.0000
32.3000
115.0000
3.3000
18.0000
1.7000
582.0000
32.3000
115.0000
3.3000
18.0000
1.7000
582.0000
32.3000
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Summer
Jul-Sep

39.4500
1.0500
.1800
1.3800
0.0000
0.0000
0.0000
0.0000
6.3500
2.6500
.8000
405.0000
.4700
88.9200
.9800
.0600
39.4500
1.0500
.1800
1.3800
0.0000
0.0000
0.0000
0.0000
405.0000
32.3000
0.0000
0.0000
0.0000
0.0000
405.0000
32.3600
0.0000
0.0000
0.0000
0.0000
405.0000
32.3000

115.0000
3.3000
18.0000
1.7000
6.3500
2.6500
.8000
588.0000
.4700
88.9200
.9800
.0600
39.4500
1.0500
.1800
1.3800
115.0000
3.3000
18.0000
1.7000
6.3500
2.6500
.8600
588.0000
L4700
88.9200
.9800
.0600
39.4500
1.0500
.1800
1.3800
115.0000
3.3000
18.0000
1.7000
588.0000
32.3000
115.0000
3.3000
18.0000
1.7000
588.0000
32.3000
115.0000
3.3000
18.0000
1.7000
588.0000
32.3000

Winter
Jan-Mar

39.4500
1.0500
.1800
1.3800
0.0000
6.5000
36.0000
3.3000
729.0000
32.3000
0.0000
6.5000
36.0000
3.3000
729.0000
32.3000
0.0000
6.5000
36.0000
3.3000
729.0000
32.3000
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OVERVIEW

The Candidate VTS Design described in this appendix is one of 23
developed for all the study zones included in the study. This
appendix documents the task performed, under Countract DTRS-57-88~C-
00088 Technical Task Directive 13, as an integral part of the total
Port Needs Study. The ultimate product of this task effort is an
informed preliminary technical assessment of the approximate cost
to the Federal Government to implement and operate a state-of-the-
art VTS system. This appendix does not contain a comprehensive
definition of the VTS operating requirements nor does it propose a
final VTS specification suitable for implementation.

In order to consistently estimate the life cycle costs of a VTS
system in each of the study zones, a "Candidate VTS Design" has
been defined for each study zone using a uniform set of design
criteria. Each study zone Candidate VTS Design is a composite of
generic modules selected from a master list of 18 state-of-the-art
surveillance modules, communications and display technology. Among
the surveillance modules in the master list are several levels of
technical performance from which the selection is made for
application to each study sub-zone to address the local
navigational surveillance needs and conditions. The Candidate VTS
Design in each study zone represents a consistent application of
the surveillance modules at the sub-zone 1level. The sub-zone
surveillance technology is subsequently integrated into a total
system for the study zone via state-of-the-art communications and
display consoles at the Vessel Traffic Center (VTC) in each zone.

The application of the surveillance modules in each sub-zone
responds to the technical requirements of that sub-zone as
perceived by the study team. The Candidate VTS Design represents
a preliminary engineering judgement on the appropriate level of
technology in each sub-zone. The Candidate VTS Design may be
considered as an informed judgement made by the contractor study
team for the sole purpose of developing cost estimates that are
consistent across the 23 study zones and suitable for benefit/cost
comparisons among the study zones and initial budget planning and
implementation priorities. The approach used to calculate VTS
system costs for all 23 study zones is found in Volume 1III,
Technical Supplement.
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PORTLAND, OREGON VT8 DESIGN
1.0 BCOPE

This report includes a port survey and a VTS design for Portland,
Oregon. The port survey is based on a review of all pertinent
literature including navigational charts. The methodology used to
produce the VTS design entails coupling the problems identified in
the port survey with solutions offered by state-of-the-art
technology as identified in the VTS Technology Survey, November
1990. When possible, technological advances which permit manpower

reductions are applied. Not all VTS problems are amenable to
strictly technological solutions; some require changes in
procedures and/or enforcement. These situations are identified

where they occur.
2.0 PORT OF PORTLAND SURVEY
2.1 INTRODUCTION

This survey report is based exclusively upon review of available
literature and examination of the charts for the area and itc
approaches. The information thus gained has been evaluated a.:d
interpreted based upon the Survey Team's experience as professional
mariners and in vessel traffic management systems. The Study Area,
in general terms, encompasses the Columbia River from its offshore
approaches to Vancouver, Washington (WA); and the Willamette River
from its junction with the Columbia to Portland, Oregon (OR). It
thus includes a number of ports in addition to Portland, Oregon.

The Columbia River and its tributary, the Willamette River, is the
most commercially important U. S. river system emptying into the
Pacific Ocean. Deep-draft ships navigate the waterway to Portland
and Vancouver, and barge traffic navigates the Columbia River to
Pasco and Kenniwick, WA some 329 statute miles from the entrance.
Commerce 1s considerable. Exports consist of logs, lumber and
other forest products, grain, flour, chemicals, fruit, fish,
general and containerized cargo. Imports via the waterway are
coal, petroleum products, bulk salt, bulk cement, alunmina,
manufactured, general and containerized cargo.

Although similarities exist between traffic management requirements
of this Study Area and the Port of New Orleans, the Columbia River
is simpler from two standpoints. Deep-draft traffic is almost an
order of magnitude less than it is at New Orleans and the barge
traffic, although economically significant, 1is negligible by
comparison.

The entire waterway must be considered as environmentally sensitive
and is an important salmon spawning ground.
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2.2 OVERVIEW OF THE PORT

The climate of the Study Area is marine at the entrance to the
Columbia River and becomes continental as one heads upstrean.
Inland high and low temperatures are more extreme. Rain and fog
occur less frequently at Portland than at the river mouth. At
Astoria, fog drops winter visibility below 0.5 mile three to six
days per month but is somewhat worse during late summer-early fall.
At Portland visibility of 0.25 mile or less occurs about 22 days
per year (Reference 1).

Mean ranges of tide on the Columbia River are 6.7 feet at Astoria
to 1.3 feet at Vancouver. Tides can vary considerably from
predictions because of changes in the river induced by upland rains
and snow melt. Springtime freshets can, in addition to depth
changes, cause rapid silting of dredged channels and move floating
aids to navigation off station. Spring freshets in the Columbia
River may also cause flow reversal in the Willamette River at least
as far upstream as Portland. Currents in the waterway are strong
and can be unpredictable, particularly at the river entrance. Ebb
velocities at the bar can reach as high as eight knots but average
about 3.5 knots on an annual basis. Strong ebbs coupled with
strong westerly winds can create conditions which make the bar
impassable even to large ships. During such conditions inbound
shipping stands off and outbound traffic anchors in the river until
conditions moderate.

Federal Project depths in the Columbia and Willamette Rivers are 48
feet over the bar, thence 40 feet to the Broadway Bridge at
Portland; 40 feet from the confluence of the Columbia and Wil-
lamette Rivers through the lower turning basin at Vancouver; and
thence 35 feet through the upper turning basin at Vancouver.

Pilotage across the Columbia River bar and up and down the river is
not compulsory. Pilotage is provided by the Columbia River Bar
Pilots for the bar and up river to Astoria, 12 miles inside the
entrance. From Astoria up river, pilotage is provided by the
Columbia River Pilots. Transfer from bar pilot to river pilot
occurs off Astoria. Pilotage must be arranged through the pilots'
offices by telephone or commercial radio, including INMARSAT, at
least 12 hours in advance. Two pilot boats are used by the Bar
Pilots, with the choice of boat used dependent upon weather
conditions. The pilot boats monitor VHF-FM Channels 13 and 16.
Working frequencies are Channels 13, 16, and 18A. The pilot
boarding area for inbound ships is one mile east of the Columbia
River Approach Lighted Horn Buoy CR. The Columbia River Bar Pilots
maintain a fixed amber light atop their office at Astoria. When
the light is exhibited it informs downbound shipping that the bar
is closed and that ships should anchor to await improved condi-
tions.
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In addition to the two pilotage associations the Lewis and Clark
Pilots are in the private employment of the PV Grain Company, which
serves ships calling at the company's facilities. It is estimated
that about 75% of the deep-draft ships carry pilots from one of the
three organizations. In general, tugs and tows, warships, coastal
tankers and small craft such as fishing vessels do not carry
pilots.

Project channels throughout the river tend to be narrow, typically
400-600 feet wide, but there are some areas where natural width
makes it possible to meet or pass comfortably. There are several
Federal anchorages in the river, which provide lay-berths for ships
awaiting cargo, bunkering or weather (see Section 2.3). Barge
traffic can operate clear of the deep-draft channels in portions of
the lower river.

Deep-draft traffic tends to time movements with the tide, thus
introducing some natural order to the traffic flow. River pilots
report an average of 5 meetings and 5 overtakings during the 85
mile trip from Astoria to Portland. These encounters are with
vessels of all types.

The most difficult stretches of the river portion of the waterway
are at Welch Island (Mile 32), Bugby Hole (Mile 40), Gull Island
(Mile 54), Stella (Mile 57), Coffin Rock (Mile 74), Saint Helens
(Mile 86) and Willamette (Mile 101).

Seasonal fishing, particularly gillnetting of salmon, creates

congestion at and near the mouth of the Columbia River. This
occurs annually, during late summer and early fall. Up to 2500
fishing boats may be at work in the area during that time. The

most congested fishing area is normally in the vicinity of Columbia
River Channel Buoy 10, and USCG patrol boats help keep fishing
boats clear of deep-draft traffic.

A number of VHF-FM communications "blind-spots" exist throughout
the Study Area and cellular telephones are increasingly being
utilized to overcome the problem.

2.3 EXISTING TRAFFIC MANAGEMENT
2.3.1 8peed Limits

The Commander, 13th Coast Guard District has special administrative
supervision of the Columbia and Willamette Rivers under which he is
charged with enforcement of emergency regulations to govern
navigation of these streams. The general nature of this authority,
provided by 33CFR162.225, is the establishment of temporary speed
limits during periods of freshets and high water.
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2.3.2 Anchorages

Nine designated Federal anchorages have been established between
Astoria and the head of deep-draft navigation at Vancouver and
Portland. Regulations governing the anchorages are contained in
33CFR110.228. In general terms, the anchorages are intended for
the use of deep-draft ships over 200' in length and may be
considered as important resources for vessel traffic management.

Two of the anchorages, Henrici Bar Anchorage and Willow Bar
Anchorage, are closed to shipping except for emergencies during the
drift net fishing season as established by the State of Oregon.

2.3.3 Common Practice

Columbia River Pilots normally broadcast their positions when
approaching significant turns. Arrival at each buoy 1is also
broadcast during periods of low visibility. Neither practice is
uniformly followed by vessels without pilots.

2.3.4 Proposed "Regulated Navigation Area"

The U. S. Coast Guard has developed a "Notice of Proposed Rule-
making" (CGD13-90-04) with the intent that the "common practice"
discussed in Section 3.3 be codified and made mandatory. The
Notice provides for a "VTS Area" extending from the mouth of the
Columbia River to the Interstate Route 5 Bridge at Vancouver
(Columbia River Mile 106.5) and to the Steel Bridge at Portland
(Willamette River Mile 12.1) within which communications rules will
apply to:

Vessels over 20 meters in length.

Vessels over 8 meters in length engaged in towing another
vessel astern, alongside, or by pushing ahead.

Dredges and floating plants.

The proposed communications rules require, among other things:
Maintenance of a guard on Channel 13 by vessels affected.
Announcements on Channel 13 of the following events:

When entering the VIS area, or getting underway from
within it. The initial anncuncement is to contiin the




name and description of the vessel, location, estimated
time of entering the VTS area or of getting underway
within it, the nature of the tow, if any, and the
destination.

Announcements one mile or 10 minutes prior to arrival at
Astoria (Mile 13), Three Tree Point (Mile 30.5), Bugby
Hole (Mile 40), Gull Island Turn (Mile 55), and the mouth
of the Willamette river (Mile 101).

2.3.5. Regulations governing Upper Columbia and Willamette Rivers

The U. S. Army Corps of Engineers regulates barge traffic on the
Columbia River above Vancouver and the "“illamette River above
Portland, principally with respect to passage through the 1lock
system of the upper rivers. From the standpoint of this Survey,
the most significant element is size restrictions imposed upon tows
to facilitate 1lockage. In general, for the Willamette River
overall size ot tows is limited to 150' length overall (LOA), 37!
beam, and 6.5' draft. For the Columbia, the limits are 650' LOA,
84' beam, and 15' draft. There are some variations from these
general figures for specific locks. Rules are summarized by the
Coast Pilot (Reference 2).

2.4 VESSEL TRAFFIC

The major ports along the Columbia and Willamette Rivers handle
some 40 million tons of cargo per year, about 10% of which consists
of crude oil and petroleum products. In 1987, there were 414 tank
ship movements within the waterway. Other movements that year
included 3482 barge movements to and from facilities at Longview,
Kalama and Portland.

According to the Columbia River Bar Pilots, Association members
pilot about 4500 ships per year through the entrance channel. They
estimate that this represents about 65% of the total traffic
(Reference 3). Assuming this estimate is correct, there are ap-
proximately 6900 vessel movements per year between the sea and
ports within the Study Area.

The repair yards in the Columbia and Willamette Rivers are highly
competitive and represent an expanding business. Consequently, a
number of the ship movements are of vessels just out of overhaul
and offer the potential of a higher-than~average rate of mechanical
failures of various types.

2.5 ENVIRONMENTAL BSBENSITIVITY

The Columbia and Willamette Rivers are important spawning grounds
for Pacific salmon and pollution affecting the spawn undoubtedly
represents the environmental threat having the greatest impact.
The "Worst Case" pollution incident would thus be a major spill of
crude o0il or petroleum product at the beginning of the ebb at or
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near the head of deep-draft navigation during or shortly after the
spawning period. Given the river currents, such a spill could be
carriad well down river before containment was accomplished.

There are sensitive wetlands throughout the lower Columbia River
area which are important to a variety of aquatic life. In addition
to salmon, there are also other fisheries of smaller economic
importance.

2.6 PORT BS8UB-ZONES

The Study Area was examined to determine appropriate sub-zones,
using the methodology based upon the '"confined-complex", "open-
complex", "confined-simple" and "open-simple" system employed by
the Canadian VTS Study in 1984 (Reference 3). Briefly stated,
"open" and "confined" address the influence of geography upon a
ship's ability to maneuver; and "simple" vs ‘"complex" Iis
descriptive of the nature of the interactions between ships within
those geographic areas. This basic matrix was overlaid by a
subjective assessment of appropriate traffic management/risk
amelioration measures in order to derive sub-zones within which VTS
needs are homogeneous, or nearly so.

2.6.1 Columbia River Approaches (NOAA Chart 18521)

The sub-zone consists of the deep-water approaches to the Columbia
River Entrance seaward of a line connecting North Head Light, 46°-
17.9'N 124%-11.8'W, 46°-10'N 124%-11.8'W and 46°-10'N 123°-58.4"'W.

The purpose of the sub-zone is primarily to provide for reporting
of Estimated Times of Arrival (ETA) and other data by inbound
ships.

The sub=-zone is classified as "open-simple."

2.6.2 Sub-Zone 11 -- Columbia River Entrance (NOAA Chart 18521)

The sub-zone lies between the inshore limit of Sub-Zone I (a line
connecting North Heaa Light, 46°-17.9'N 124°-11.8'W, 46°-10'N 124°-
11.8'W and 4f"-10'N 1230-58.4'W) and a line drawn north across the
Columbia River from Tongue Point Light (just upstream from
Astoria).

The sub-zone encompasses the busy river entrance region, as well as
the Port of Astoria. Activities within the sub-zone include pilot
boarding areas, two Federal Anchorages and important centers of
recreational boating and fishing activities. The Federal Project
channels vary in width from 2640' at the Entrance to 500' in the
upper ranges. The sub-zone provides opportunity for queuing as
necessary tc prevent unacceptable meetings or overtakings in the
narrow waterways of Sub-Zone TIII and is a critical holding area for
outward bound shipping awaiting bar passage.
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VTS design for the sub-zone should, in addition to communications,
provide for navigational assistance, regulation of traffic flow and
anchorage management.

The sub-zone is "confined-complex."

2.6.3 B8ub-Zone III Columbia River (NOAA Charts 18521, 18523, 18524
& 18526)

Tie sub-zone lies between the upriver boundary of Sub-Zone II (a
line drawn north across the Columbia River from Tongue Point Light)
and the Interstate Route 5 Bridge across the Columbia River at
Vancouver. No portion of the Willamette River is included in the
sub-zone.

The sub-~zone embraces over 80 miles of river, with a number of
blind turns, several ports and a number of Federal Anchorages.
Traffic is a mixture of deep-draft and barges. Some commercial
fishing occurs in stretches of the sub-zone in season, and the
river is widely used for recreation.

There are numerous VHF-FM "dead spots" within the sub-zone, making
Channel 13 communications unreliable. The Federal Project channels
are predominantly 600' in width, but reduce to 500' in the upper
reaches. There are 1locations where natural widening permit
comfortable passing, but currents and the speed required for
downbound ships to retain control make meetings of ships with beams
over 100' challenging at best and hazardous at worse.

Channel widths rule out cross-track navigational assistance. Given
the relatively low volume of traffic, along-track information can
probably be obtained through refinements to the proposed "Regulated
Navigation Area" reporting procedures. Speed regulations may be
imposed as required by the river level, and selected anchorages are
closed to deep-draft use during designated fishing seasons.

The sub-zone is classified as "confined-simple."
2.6.4 Sub-Zone IV -- Upper Columbia River (NOAA Chart 18526)

The sub-zone consists of the navigable portion of the Columbia
River upstream of the Interstate Route 5 Bridge at Vancouver.

OHN-7




The sub-zone serves as a data catchment area, to introduce into the
VTS database information about downbound barge traffic in advance
of its entry into the VTS service area. This can be obtained by
imposition of reporting requirements.

The s b-zone is classified "confined-simple."
2.6.5 8ub-Zone V -- Portland (NOAA Chart 18526)

The sub-zone consists of that portion of the Willamette River
between its junction with the Columbia River and the Steel Bridge
across the Willamette River at Portland.

The sub-zone consists of that portion of the Willamette River
forming the site of the facilities of the port of Portland. Ships
and tows maneuver to make and clear berths within the sub-zone and
there is one channel junction at the point where Swan Island Basin
joins the river.

The sub-zone is classified "confined-complex."
2.6.6 B8ub-Zone VI -- Upper Willamette River (NOAA Chart 18526)

The sub-zone consists of that portion of the Willamette River
upstream of the Steel Bridge at Portland.

The sub-zone serves as a data catchment area, to introduce into the
VTS database information about downbound barge traffic in advance
of its entry into the VTS service area. This can be obtained by
imposition of reporting requirements.

The sub-zone is "confined-simple."

2.7 PROBLEM ARF¥™ IDENTIFIERS
2.7.1 PAI II-1. Columbia River Channel Buoy 10 (NOAA Chart 18521)

This PAI, centered upon Columbia River Channel Buoy 10, includes
gillnetting activities occurring between the entrance channel
jetties and the fishing/recreational boating traffic associated
with Ilwaco Harbor.

These activities occur at a point where the deep-draft channel
makes a major course change of approximately 110°, part of which is
athwart the primary axis of both river and tidal currents. The
deep-draft channel is sufficiently wide to permit the VTS to assist
with navigational information, if required, in addition to
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requlating the traffic flow so as to minimize the potent_.al for
incidents. This should include, among other things, the ability to
provide advance warning to gillnetters of intended deep-draft
transits.

2.7.2 PAI II-2. Astoria (NOAA Chart 18521)

This PAI includes the Astoria waterfront, the Federal Anchorages on
either side of the Astoria Range Channel and the pilot exchange
point where Columbia River Bar and Columbia River Pilots leave and
depart ships. There is considerable activity from small craft,
both recreational boats and fishing craft, bound to and from
facilities in Young's Bay and Astoria. The Federal Anchorages are
important to the queuing of both inbound and outbound shipping and
during adverse weather serve as a holding area for outbound ships
awaiting opening of the bar.

VTS capabilities should include management of the anchorages and
regulation of the smooth and safe flow of traffic. The main
channels are sufficiently narrow so that cross-track navigational
assistance 1is not feasible, but along-track information is
important to the overall management capability.

2.7.3 PAI III-1. ¥V¥elch Island (NOAA Chart 18523)
The five mile length of channel centered north of Welch Island

(Columbia River Statute Mile 32) is a location identified by the
Columbia River Pilots as among the morc difficult portions of the

river. The bend necessitates a continuous change in course of
about 90° over several miles and intervening land can screen other
traffic from view. Meetings of deep-draft ships at this point

should be avoided.
2.7.4 PAI III-2. Bugby Hole (NOAA Chart 18523)

The channel in the vicinity of Bugby Heole (Columbia River Statute
Mile 40) is a location identified by the Columbilia River Pilots as
among the more difficult portions of the river. A 30° course
change o~=curs at a point where the river 1is particularly narrow.
Downbound ships tend to be carried by the current across the
channel centerline and land mass can obscure sightings of oncoming
traffic. Meetings of deep-draft ships at this point should be
avoided.

2.7.5 PAI III-3. Crims Island (NOAA Chart 18523)

The channel above Crims Island (Columbia River Statute Mile 55) is
a location identified by the Columbia River Pilots as among the
more difficult pertions of the river. A course change occurs at a
p2int where land masses affect visibility and the port facilities
at the entrance to Bradbury Slough, with their associated act-
ivities, are located just downstream from the turn.




2.7.6 PAI III-4. S8laughters Channel Federal Anchorage (NOAA Chart
18524)

The anchorage (Columbia River Statute Mile 65) is an important
resource for the management of traffic, both as a lay-berth area
and as a point where there is ample room for the meeting or
overtaking of large ships.

2.7.7 PAI III-5. Coffin Rock (NOAA Chart 18524)

The channel in the vicinity of Coffin Rock (Columbia River Statute
Mile 72.5) is a location identified by the Columbia River Pilots as
among the more difficult portions of the river. The current runs
strongly along this reach of the river and land masses affect
visibility.

2.7.8 PAI III-6. Kalama Anchorage (NOAA Chart 18524)

The anchorage (Columbia River Statute Mile 75) is an important
resource for the management of traffic, both as a lay-berth area
and as a point where there is ample room for the meeting or
overtaking of large ships.

2.7.9 PAI III-7. Columbia City Anchorage (NOAA Chart 18524)

The anchorage (Columbia River Statute Mile 84) is an important
resource for the management of traffic, both as a lay-berth area
and as a point where there is ample room for the meeting or
overtaking of large ships.

2.7.10 PAl III-8. S8aint Helens (NOAA Chart 18524)

The area of Saint Helens (Columbia River Statute Mile 85) is a
location identified by the Columbia River Pilots as among the more
difficult portions of the river. A bifurcation of the channel
occurs permitting ships drawing 26' or less to serve the facilities
of Saint Helens and vicinity, rlus minor traffic joins and leaves
the river at the entrance to the Lewis River (Statute Mile 87).

2.7.11 PAI III-9. Henrici Channel Anchorage (NOAA Chart 18524)
The anchorage (Columbia River Statute Mile 91.5) is an important

resource for the management of traffic, both as a lay-berth area
and as a point where there is ample room for the meeting or

overtaking of large ships. The anchorage is closed to shipring
except in emergencies during certain fishing periods. At those

times shipping may experience congestion caused by fishing boats
operating in the vicinity of the anchorage.




2.7.12 PAI III-10. Willow Bar Anchorage (NOAA Chart 18524)

The anchorage (Columbia River Statute Mile 96.25) is an important
resource for the management of traffic, both as a lay-berth area
and as a point where there is ample room for the meeting or
overtaking of large ships. The anchorage is closed to shipping
except in emergencies during certain fishing periods. At those
times shipping may experience congestion caused by fishing boats
operating in the vicinity of the anchorage.

2.7.13 PAI III-11. Willamette River Junction (NOAA Chart 18524)

The juncture of the Willamette and Columbia Rivers is a point at
which two traffic streams merge. Downbound shipping from Portland
must cross upbo'nd traffic fo1 Vancouver at a point where vis-
ibility is limited by land masses. Two anchorages are located just
upstream from the junction at a point where vessels using North
Portland Harbor leave and depart the main channel.

The area is also a location identified by the Columbia River Pilots
as among the more difficult portions of the river.

«.7.14 PAI V-1. Portland (NOAA Chart 18526)

The activity level at Portland is probably higher than at any other
single point along the river. Vessels making and departing berths,
negotiating bridges and entering/leaving side channels like the
Swan Island Basin introduce a random movement which is generally
absent elsewhere. The overall volume probably does not warrant
real-time surveillance but good information exchange and adherence
to Bridge-to-Bridge radiotelephone requirements is critical to
safety.

3.0 PORTLAND, OREGON VTS DESIGN
3.1 INTRODUCTION

A detailed survey of the Port of Portland is the basis for this
design. An approach to costing VTS systems is outlined in Vol.
I1I, Technical Supplement and a method of categorizing surveillance
sensors into "modules" has also been developed. These modules are
defined in terms of cost and performance and are to be applied to
all VTS designs in this study. The applicability of Automatic
Dependent Surveillance (ADS) technology is also discussed in this
report. The six sub-zones defined in the harbor survey remain the
same.
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Traffic management requirements for each sub-zone are developed
from PAI analysis. Table 3-1 lists in tabular form a summation of
the problems identified and the management required by sub-zone.

The hardware and software selected for this design provide the
level of surveillance justified by the problems identified in each
sub-zone. A secondary consideration is to locate all VTS assets so
that they are sufficient for the sub-~-zone in question and can
contribute to adjoining sub-zones to achieve maximum usage. All
specific equipments are then selected bpased on perceived
surveillance requirements and overall VTS system architecture.

3.1.1 VT8 Design Approach

The choice of surveillance sensors is dependent on the VTS mission.
For the purposes of this design, the VTS mission is defined as that
which insures the safety of navigation and the protection of the
environment. In order to accomplish this mission, mandatory
participation of all vessels over 20 neters 1is essential. The
Vessel Traffic Center (VTC) must provide navigation safety advice
to all vessels. The VTS in the United States will have no
facilitation of commerce role nor will it offer piloting assistance
of any kind.

The primary criteria for selection of adequate surveillance sensors
are:

o Percentage of vessels of the desired minimum size
detected in designated surveillance areas

0 Percentage of lost tracks

o Accuracy of the position and track obtained

o Reliability of the surveillance system

o Timeliness of the data obtained

o Ability to interpret and use the data obtained
Secondary criteria are:

o Cost of the VTS system -- reduction of manpower by the use
of technology

o Expandability -- increased VTS responsibility, area,
and/or support of other missions
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TABLE 3-1.

PORTLAND, OR PROBLEM AREA IDENTIFIERS

PAT | LOCATION PROBLEM MANAGEMENT
I Columbia River Data catchment area for Have knowledge of ship
Approaches inbound shipping movement, intentions and
characteristics. Enter
inbound traffic into
database.
11 Columbia River Potential congestion, Have real-time knowledge
Eutrance dissimilar traffic. of vessel movements. Be

Navigational assistance able to provide

may be required. Queuing navigational assistance.

may be necessary to Have real-time

prevent unacceptable information of fishing

meetings, coupled with activities. Provide

effective use of movement management

anchorages. advice as required.
Control anchorages as
required.

111 Columbia River Narrow channels where Have knowledge of vessel
meetings, overtakings must | movements and locations
be managed. Potential for based upon movement
localized congestion. reporting system. Provide
Queuing control required, movement management
coupled with anchorage advice, control
management . anchorages. Know river

state and details of non-
shipping activities.

v Upr-r Columbia Data catchment area for Have knowledge of vessel

Riv-r traffic downbound for Sub- | movements, in-tentions
Zone IIT. and characteristics.
Enter into shipping
database.

Y Po1 land Potential congestion. Have knowledge of vessel
NQueuing control required movements, locations and
for downbound traffic. intentions based upon

movement reportng system.
Provide move-ment
management advice.

Vi Up “illamette Data catchment area for Have knowledge of vessel

River vee_els downbound to Sub- movement, intentions,

Zone V.

characteristics. Enter

in database.
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Active surveillance sensors including radar, communications, and
closed circuit television (CCTV) installations are used when
detection and tracking of vessels is paramount to providing safety
advice. These devices are considered fail safe in that it is known
with certainty when they have failed. The performance
characteristics of these sensors are known from operational VTS
worldwide experience. In this design they are selected to assure
that the necessary operational criteria identified for each sub-
zone is realized.

Many dependent surveillance techniques are possible. These range
from voice radio reporting of required VTS data to automatic
position and 1identification recording devices that can be
interrogated from shore known as Automatic Dependent Surveillance
(ADS) devices. The position and/or movement reporting form of
dependent surveillance is used extensively in existing VTS systems.
The major regions of current use are those which do not require
active surveillance. To apply ADS technology to a specific sub-zone
within a VTS zone the following additional criteria must be
considered:

o The number and class of vessels interacting in the sub-zone
and which of these interactions are important to the VTS
mission. Obviously all vessel classes of interest must be
appropriately equipped. This requires that all vessels of the
classes selected which will ever pass through this sub-zone
must be equipped with an ADS device. This requirement to
detect so many different vessels argues against the use of
ADS. In areas where only one class of vessel is of interest,
ADS is more easily implemented.

o The interactions or transits to be monitored must not
demand that the surveillance be fail safe, i.e. positively
detecting failures. This type of surveillance is related to
position reporting in that it may not always function or be
used properly and the VTS has 1limited control over its
operation.

o It must be determined that if active surveillance is not
justified, the additional information obtained from ADS over
position reporting is necessary.

o If the class or group of vessels to be nmonitored is a
"controllable" group, ADS can be easily inplemented and

satisfactory operation more recadily achileved. Controllable
means a clearly defined subsct of vessels, e.q. a specific
barge company; vessels carrying a specltic cargo, etc.

o The nurbker of differ«nt vessels in each class of

interest that passes throudgh the sub-zone In guestion nust be
determined. This number rust b known to accourately estimate
the cost of s~lecting this opticn for this sub-sone.,




o A specific ADS solution for one sub-zone in one i.arbor may
affect all the VTS designs for all the other sub-zones in all
the other harbors.

3.1.2 Assumptions

The design of this VTS system starts with a set of assumptions
based on the detailed survey and other data. These assumptions are
as follows:

o As recommended by the IMO, all vessels of 20 meters or
more in length are required to participate in the VTS.
Participation is defined (at a minimum) as monitoring the
VTS frequency and reporting as required.

o The VTS system is implemented with the cooperation and
assistance of the port authorities, pilots associations,
and marine exchange, if any. The existing facilities,
services, and procedures established and operated by

these organizations are major elements of an integrated
VTS system as defined in the IMO VTS Guidelines.

o The life-cycle of all system hardware is ten years.
3.2 DESIGN DECISIONS (FIGURE 3-1)
3.2.1 General
Examination of the traffic 1levels, geographical features and
identified problem areas in the port leads to the following
selection and location of sensor hardware.
3.2.2 Hardware Location and Selection

3.2.2.1 8ub-Zone I

Point Ellice Site 1 Module 3 radar
1 Module 11 VHF

USCG Moorings Site 1 Module 10 VHF
1 Module 13 MET
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3.2.2.2 B8ub~Zone III

VHF and MET equipment as follows:

Mile 33.5 near Skamokawa 1 Module 10

Mile 44 near Westport 1 Module 10, 11
Mile 53.5 near Port Westware 1 Module 10

Mile 65 near Longview 1 Module 10, 11
Mile 75 near Kalama 1 Module 10, 13
Mile 86 near St. Helens 1 Module 10, 11
Mile 95 near Knapp 1 Module 10

Mile 105 near Vancouver 1 Module 10, 11, 13

3.2.2.3 8Sub-Zone V
Portland Site 1 Module 10 VHF

1 Module 13 MET

Fulton Site 1 Module 10 VHF

3.2.3 Vessel Traffic Center

The design of the hardware and software should be modern and
capable of operating with reduced staff levels and no loss of
effectiveness. One watchstander and one supervisor (half-time)
with integrated data workstations and decision aiding software can
effectively manage the activity in this port. This Vessel Traffic
Center concept demands that the watchstander be separated from any
other harbor/port information requests. The Center must be
structured so that such requests are controlled by a bulletin board
type interface. One officer-in-charge and one clerk are also
required for the proper administration of the facility.

The Vessel Traffic Center is located in Astoria in a location with
good visual surveillance of the river entrance and the Astoria
area. The center is to employ the following equipment:

3.2.3.1 VTS Console

This console provides total data integration from all sensors in
all sectors. These data are graphically shown on raster scan, high
light level, color displays. A data display is also provided.
Console design architecture is general purpose computer based, open
architecture, bus organized, allowing operation of the system as a
local area network (LAN). Data interchange with other facilities
by modem is provided as well as interface with the U.S. Coast Guard
standard terminal. The design allows board level modification and
expansion. Features of the software and hardware provided are:
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o Software written in a high level language.

o Software providing the total integration of data from all
VTS sensors.

o Layering of data in at least four layers to be operator
selectable.

o The ability to sector data including sector to sector
handoff of targets.

o The ability to accept external digital data derived from
transmissions of shipboard transponders or other sources and
integrate the information with all other sensor data.

o Automatic and/or manual acquisition of radar targets
including automatic tracking and target ID assignments. Guard
zones with automatic acquisition of all targets entering the
zone.

0 Several warning levels of vessel interaction designed to
direct attention to developing situations rather than a simple
CPA alarm strategy.

o Complete vessel monitoring and alarm capability including
anchor watch, CPA, TCPA, track history, adjustable target
velocity vectors, restricted area penetration and maneuvering
monitor is provided. Additional warning and/or alarm features
allowed by programming changes in high level language.

o Complete modern color graphics capability with offset and
zoom

o Complete harbor navigation aid monitoring capability
including buoy position, light status, etc.

o Remote control of all radars and radar interfaces as well
as radar data processing including site-to-site integration,
clutter supprescsion, scan conversion and target extraction.

o Complete track projection capability which can predict
and/or analyze future interactions based on current position,
destination and velocity.

o The capability of constructing a complete vessel data base
and interfacing it to the real-time data display from the VTS

sSensors.




3.2.3.2 Communications Console

This console 1is capable of remotely operating the proposed
transmitting/receiving sites and allowing transmission and
monitoring on all required frequencies. The console provides two
operating positions each to be capable of complete communications
control. It is capable of modular expansion if other remote
communications sites are added.

3.2.3.3 8upervisor Control and Data Acquisition (SCADA) Equipment

A SCADA capability is provided to the major module level at remote
sites so that the watchstander can determine the status of the
entire VTS system. A graphic readout is provided in block diagram
form indicating operational status of all elements in the systen.
Security monitoring of remote sites is also included.

3.2.3.4 Recording Equipment

Time synchronized video and audio recording equipment is to be
provided. This equipment is capable of recording and playing back
the data presented to the VTS watchstander and his reaction to the
situation. An extra set of recording equipment is to be installed
for redundancy purposes.

3.3 COST ESTIMATES
3.3.1 General

Vol. III, Technical Supplement discusses a generalized approach to
estimating VTS system costs. This approach is based on interviews
with system designers and purchasers of recently constructed
systems. The cost of this VTS system has been estimated using this
approach and is detailed below. The assumptions made in estimating
these costs are listed in Paragraph 3.1.2.

3.3.2 Hardware (x $1000)

Vessel Traffic Center non-recurring recurring (10

VTS Consocle (1 workstation 750
one supervisory console &
all software)

Communications console 200
Recording Equipment 100
SCADA Equipment (1 radar site) 100

Sub-Total: 1150
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Sub-Zone I--Columbia River Approaches (NOAA Chart 18521)
Required VHF capability to be located in Sub-Zone II.

Sub-Zone IT--Columbia River Entrance (NOAA Chart 18521)

1 Module 3 radar 400 400
1 Module 10 VHF 19 13
1 Module 11 VHF 48 20
1 Module 13 MET 40 5

Sub-total: 507 438

Sub-Zone IITI--Columbia River (NOAA Charts 18521, 18523, 18524 & 18526)

8 Module 10 VHF 152 104
4 Module 11 VHF 192 80
2 Module 13 MET 80 10

Sub-total: 424 194

Sub-Zone IV--Upper Columbia River (NOAA Chart 18526)

No facilities here. 1

Sub-Zone V--Portland (NOAA Chart 18526)

1 Module 10 VHF 19 13
1 Module 13 MET 40 5
Sub-total: 59 18

Sub-Zone VI--Upper Willamette River (NOAA Chart 18526)

1 Module 10 VHF 19 13
Sub-Total: 19 13
HARDWARE TOTALS: $2159 $1264
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3.3.3 Project Totals (x $1000)

Non-recurring
Hardware $2159
Management, Engineering, etc. (50%) 1080

Assumptions: Turnkey systen,
Procurement by integ.contractor, good
manufacturer support, some software
provided, System Manual required

Installation site integration (20%) 432
Assumptions: Complete installation

by contractor, remote access no

serious problem, many widespread sites

Spares & Training (10%) 216

Civil Encineering 1500
1 remote radar site, a VTC in Astoria,

remote comms and WX sensors installations,

minor land acquisition, no roads

PROJECT ESTIMATE: 5387
Data Base Management System 300
TOTAL: (non-recurring) $ 5687
Recurring (10 year)
Hardware 1264
1 Watchstander x 5 = 5 man/years € 50K x 10 2500
1 Watch Supervisor (1/2 time) 1250
1 Cfficer~in-Charge 500
1 Clerk 50C

TOTAL: (recurring) (10-year life) $ 6014

TOTAL 10-YEAR PROJECT COST: $11701
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GLOSSARY

ADS8: Automatic Dependent Surveillance

ARPA: Automatic Radar Plotting Aid.

"CONFINED-COMPLEX": a combination of terms relating to the
geography and the nature of the interactions between ships. See
Final Report National Vessel Traffic Services Study (TP-5965E),
Canadian Coast Guard, Cttawa, October 1984, pp.89-91.
“CONFINED-SIMPLE": a combination terms relating to the geography
and the nature of the interactions between ships. See Final Report
National Vessel Traffic Services Study (TP-5965E), Canadian Coast
Guard, Ottawa, October 1984, pp.89-91.

COTP: Captain of the Port

CCTV: closed circuit television

COLREG8 LINE: a demarcation line delineating those waters upon
which international regulations for the prevention of collisions at
sea apply.

CPA: closest point of approach

DBMS: data base management system

DF: direction finder

FAA: Federal Aviation Administration

GI8: Geographic Information System

ICW: Intracoastal Waterway

IMO: International Maritime Organization

KW: Kilowatt

LAN: local area network

LLOYD'8 LIST: a listing of all merchant vessels of the world
including their physical characteristics. Published by Lloyd's of
L.ondon.

LNG: liquified natural gas

NOAA: National Oceanic and Atmospheric Administration
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YOPEN-CCMPLEX": & combination of terms relating to the geography
and the nature of the interactions between ships. See Final Report
National Vessel Traffic Services Study (TP-5965E), Canadian Coast
Guard, Ottawa, October 1984, pp. 89-91.

YOPEN-S8IMPLE": a combination of terms relating to the geography and
the nature of the interactions between ships. See Final Report
National Vessel Traffic Services Study (TP~5965E), Canadian Coast
Guard, Ottawa, October 1984, pp. 89-91.

PAI: Problem Area Identifier

PRECAUTIONARY AREA: an area normally an intersection, entrance to,
or exit from a traffic separation scheme where vessel interactions
are unpredictable

B8CADA: Supervisor Control and Data Acquisition

TCPA: time of closest point of approach

TRAFFIC SEPARATION SCHEME: routes incorporating traffic separation
to increase the safety of navigation, particularly in converging
areas of high traffic density.

VHF: very high frequency

VTC: vessel traffic center

VTS: vessel traffic services
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Appendix O Zone 15 FPortliand, OR

TABLE 1 Assignment of COE Waterway Codes to Subzones
COE

wWaterway Name

8/06/91

Subzone 1501A
4606
4608
4608
4610
4614
4618
4620
4622
4624
4626
4628
4630
4632
4634

4636
4644
4683
4684
4685

PP PpBPPPPIPBIIIOYY

Subzone 1502C
4606
4606
4608
4608
4€10
4610
4514
4614
4618
4518
4620
4/r20
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SKIPANON CHANNEL, OREG.

YOUNGS BAY AND YOUNGS RIVER, OREG.
YOUNGS BAY AND YOUNGS RIVER, OREG.
PORT OF ASTORIA, OREG.

DEEP RIVER, WASH.

WESTPORT SLOUGH, OREG.

CLATSKANIE RIVER, OREG.

PORT OF LONGVIEW, WASH.

COWLITZ RIVER, WASH.

PORT OF KALAMA, WASH.

PORT OF ST. HELENS, OREG.

MULTNOMAH CHANNEL, OREG.

LEWIS RIVER, WASH.

OREGON SLOUGH (NORTH PORTLAND HARBOR),
OREG.

PORT OF VANCOUVER, WASH.

PORT OF PORTLAND, OREG.

SKAMOKAWA CREEK, WASH.

SKAMOKAWA (STEAMBOAT) SLOUGH, WASH.
LAKE RIVER, WASH.

SKIPANON CHANNEL, OREG.

SKIPANON CHANNEL, OREG.

YOUNGS BAY AND YOUNGS RIVER, OREG.
YOUNGS BAY AND YOUNGS RIVER, OREG.
PORT OF ASTORIA, OREG.

PORT OF ASTORIA, OREG.

DEEP RIVER, WASH.

DEEP RIVER, WASH.

WESTPORT SLOUGH, OREG.

WESTPORT SLOUGH, OREG.

CLATSKANIE RIVER, OREG.

CLATSKANIE RIVER, OREG.

PORT OF LONGVIEW, WASH.

PORT OF LONGVIEW, WASH.

COWLITZ RIVER, WASH.

COWLITZ RIVER, WASH.

PORT OF KALAMA, WASH.

PORT OF KALAMA, WASH.

PORT OF ST. HELENS, OREG.

PORT CF ST. HELEZNS, OREG.

MULTNOMAH CHANNEL, OREG.

ML THNOMAH CHANNEL, OREG.

LEWIS RIVER, WASH.

LEWIS PIVER, WASH.

DREGON SLOTUGH ‘NORTH PORTLAND HARBOR),
OREG.

DPEMON SLOUGH (NORTH PORTLAND HARBOR),
OPEG.
PORT
PORT
PRI
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Appendix O Zone 15 Portland, OR

TABLE 1 Assignment of COE Waterway Codes to Subzones
COE

Waterway Name

8/06/91

Subzone 1503F

4618 A WESTPORT SLOUGH, OREG.

4618 B WESTPORT SLOUGH, OREG.

4620 A CLATSKANIE RIVER, OREG.

4620 B CLATSKANIE RIVER, OREG.

4622 A POR1 OF LONGVIEW, WASH.

4622 B PORT OF LONGVIEW, WASH.

4624 A COWLITZ RIVER, WASH.

4624 B COWLITZ RIVER, WASH.

4626 A PORT OF KALAMA, WASH.

4626 B PORT OF KALAMA, WASH.

4628 A PORT OF ST. HELENS, OREG.

4628 B PORT OF ST. HELENS, OREG.

4630 A MULTNOMAH CHANNEL, OREG.

4630 B MULTNOMAH CHANNEL, OREG.

4632 A LEWIS RIVER, WASH.

4632 B LEWIS RIVER, WASH.

4634 A OREGON SLOUGH (NORTH PORTLAND HARBOR),
OREG.

4634 B OREGON SLOUGH (NORTH PORTLAND HARBOR),
OREG.

4636 A PORT OF VANCOUVER, WASH.

4636 B PORT OF VANCOUVER, WASH.

4644 A PORT OF PORTLAND, OREG.

4644 B PORT OF PORTLAND, OREG.

4683 A SKAMOKAWA CREEK, WASH.

4683 B SKAMOKAWA CREEK, WASH.

4684 A SKAMOKAWA (STEAMBOAT) SLOUGH, WASH.

4684 B SKAMOKAWA (STEAMBOAT) SLOUGH, WASH.

4685 A LAKE RIVER, WASH.

4685 B LAKE RIVER, WASH.
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Appendix 0  Zone 15 Portland, OR

TABLE 2

Subzone 1501A

Comm.

Code

O NN -

131
2810
2811
2813
2817
2871
2872
291
2912
2914
2915
2916
2917
2921

Name

FARM PRODUCTS

FOREST PRODUCTS
FISHERIES PRODUCTS
MINING PRODUCTS, NEC
PROC. FOODS & MFTRS, NEC
WASTE OF MANUFACTURING
CRUDE PETROLEUM

SODIUM HYDROXIDE (CAUSTI
CRUDE PROD-COAL TAR-PET
ALCOHOLS

BENZENE AND TOLUENE
NITROGEN CHEM FERTILIZER
POTASSIC CHEM FERTILIZER
GASOLINE, INCL NATURAL
JET FUEL

DISTILLATE FUEL OIL
RESIDUAL FUEL OIL

LUBRIC OILS-GREASES
NAPHTHA, PETRLM SOLVENTS
LIQUI PETR-COAL-NATR GAS

Subzone Total :

Subzone
Comm.

Code

O BN

1311
2810
2811
2813
2817
287
2872
2911
2912
2914
2915
2916
2917
2921

1502¢

Name

FARM PRODUCTS

FOREST PRODLICTS
FISHERIES PRODUCTS
MINING PRODUCTS, NEC
PROC. FOODS & MFTIRS, NEC
WASTE OF MANUFACTURING
CRUDE PETROLEUM

SODIUM HYDROXIDE (CAUSTI
CRUDE PROD-COAL TAR-PET
ALCOHOLS

BENZENE AND TOLUENE
NITROGEN CHEM FERTILIZER
POTASSIC CHEM FERTILIZER
GASOLINE, INCL NATURAL
JET FUEL

DISTILLATE FUEL OIL
RESIDUAL FUEL OIL

LUBRIC OILS-GREASES
NAPHTHA, PETRLM SOLVENTS
LIQUI PETR-CCAL-NATR GAS

Subzone Total

Ory Cargo
17,422,550
4,062
6,621
2,516,125
11,906,618
377,826

0

103,029
6,139

32,344,02

Ory Cargo
17,422,550
4,062
6,621
2,516,125
11,906,618
377,826

0

103,029
6,139

NOOOODOQOO

32,346,02

Tanker

[eNoNoNeNoNe)

771,266
Q

0
109,411
63,835
171,837

0

710,928
81,283
412,051
347,750
172,626
6,253

84
2,847,324

Tanker

COO0O0O0CO

771,266
0

0

109,411
63,835
171,837

0

710,928
81,283
412,051
347,750
172,626
6,253

84
2,867,324

OoT-5
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Dry Cargo
Barge Trw
5,049,590
0

0
3,060,962
2,791,306
70,440

0

0
0
]
0
0
0
0
0
0
0
0
¢
0
8

0,977,29

Dry Cargo
Barge Tow
5,049,590
G

0
3,065,962
2,791,306
70,440

0

0

0

0
1%

w0l D DD O D O D
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-
o
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Base Year 1987 Cargo Yons by Subzone, Commodity, and Vessel Type

7/15/91
Tanker
Barge Tow Total
0 22,472,140
0 4,062
0 6,621
0 5,582,087
0 14,697,924
0 448,266
0 771,266
0 103,029
0 6,139
0 109,411
0 63,835
52,912 224,749
0 1,057
631,715 1,342,643
47,024 128,307
753,151 1,165,202
821,004 1,168,754
11,774 184,400
0 6,253
0 84
2,317,580 48,486,229
Tanker
Barge Tow Total
0 22,472,140
0 4,062
0 6,621
0 5,582,087
0 14,697,924
0 448,266
0 771,266
0 103,029
0 6,139
0 109,411
0 63,835
52,912 224,749
5} 1,057
631,715 1,342,643
47,024 128,307
753,151 1,165,202
821,004 1,168,754
11,774 184,400
0 6,253
0 84
2,317,580 48,486,229




Appendix O Zone 15 Portland, OR

TABLE

Subzone

Comm.
Code

NS WN =

1311
2810
2811
2813
2817
2871
2872
2911
2912
2914
2915
2916
2917
2921

2 Base Year 1987 Cargo Tons by Subzone, Commodity, and Vessel Type

1503F

Name

FARM PRODUCTS

FOREST PRODUCTS
FISHERIES PRODUCTS
MINING PRODUCTS, NEC
PROC. FOODS & MFTRS, NEC
WASTE OF MANUFACTURING
CRUDE PETROLEUM

SODIUM HYDROXIDE (CAUST!
CRUDE PROD-COAL TAR-PEY
ALCOHOLS

BENZENE AND TOLUENE
NITROGEN CHEM FERTILIZER
POTASSIC CHEM FERTILIZER
GASOLINE, INCL NATURAL
JET FUEL

DISTILLATE FUEL OIL
RESIDUAL FUEL OIL

LUBRIC OILS-GREASES
NAPHTHA, PETRLM SOLVENTS
LIQUI PETR-COAL-NATR GAS

Subzone Total :

Dry Cargo
17,323,170
4,062
6,621
2,516,125
11,431,109
377,826

0

103,029
6,139

0

0

0

1,057

OO OOOOO

31,769,13

771,26

)
109,411
63,835
171,837

0

710,928
81,283
412,051
342,789
172,626
6,253

84
2,842,363

OoT-6

Dry Cargo
Barge Tow
5,049,590
0

0
2,711,452
2,671,984
70,440

0

0
0
Q
0
0
0
Q
0
0
0
0
0
6

10,503, 46

7/15/91

Tanker
Barge Tow Total
0 22,372,760
0 4,062
0 6,621
0 5,227,577
0 14,103,093
0 448,266
0 771,266
0 103,029
0 6,139
0 109,411
0 63,835
43,414 215,251
o] 1,057
631,715 1,342,643
47,024 128,307
73¢,663 1,144,714
752,708 1,095,497
11,122 183,748
0 6,253
0 84
2,218,646 47,333,613




7/22/91
Appendix O ZONE 15 Portland, OR
TABLE 3 Base Year (1987)
Vessel Transits by Subzone, Vessel Type, and Size.
Vessel Type Large Medium Small Total

Subzone : 1501A

Passenger 0 6 0 6

Dry Cargo 1,137 2,838 2,460 6,435

Tanker 130 266 37 433

Dry Cargo Barge Tow 120 0 0 120

Tanker Barge Tow 13 0 0 13

Tug/Tow Boat 0 0 160 160
Subzone Total: 1,400 3,110 2,657 7,167
Subzone : 1502¢

Passenger 0 6 0 6

Dry Cargo 1,137 2,838 12,301 16,276

Tanker 130 266 37 433

Dry Cargo Barge Tow 120 0 13,870 13,990

Tanker Birge Tow 13 0 4,561 4,574

Tug/Tow Boat 0 0 26,594 26,594
Subzone Total: 1,400 3,110 57,363 61,873
Subzone : 1503F

Passenger 0 6 14,328 14,334

Dry Cargo 1,087 2,511 12,225 15,823

Tanker 130 262 37 429

Dry Cargo Barge Tow 87 0 13,294 13,381

Tanker Barge Tow 13 0 4,343 4,356

Tug/Tow Boat 0 0 24,794 24,794
Subzone Total: 1,317 2,779 69,021 73,117

Note: Sum of all vesse. transits within each study subzone.
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7/22/91
Appendix O ZONE 15 pPortland, OR
TABLE 3 Base Year (1907)
vessel Transits by Suzone, Vessel Type, Size.
ZONE TOTALS
ZONE 15 Portland, OR
Vessel Type Large Medium Small Total

Passenger 0 6 14,328 14,334
Dry Cargo 1,137 2,838 12,301 16,276
Tanker 130 266 37 433
Dry Cargo Barge Tow 120 0 13,870 13,990
Tanker Barge Tow 13 0 4,561 4,574
Tug/Tow Boat o 0 26,594 26,594
Zone Tota.: 1,400 3,110 71,691 76,201

Note: Sum of all arrivals/departures to/from all terminals

within the Study Zone.
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Appendix O 2one 15 Portland, OR

TABLE &4 Barges Per Tow - Average Factors by COE Waterway 8/6/91
COE Code wWaterway Name Dry Barge Tank Barge
SUBZONE All Subzones within this Zone 1 1

NOTE: Average size of tows arriving/departing terminals within the waterway. Sizcs of other tows transiting
the area may differ.
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Appendix O Zone 15 Portland, OR

TABLE 5 Other Local Vessels by Subzone 7/21/91
Number of Vessels per
Subzone Name Vessels Square Mile
1501A 1,277 4.17
1502¢ 2,429 9.72
1503F 34,695 495.64
Total for Zone 37,401 71.51

Note: State registered (1989/90) vessels estimated to be operated
vithin the Subzone.
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Appendix O ZONE 15 Portland, OR

TABLE 6.1 Forecast 1995
Vessel Transits by Subzone, Vessel Type, and Size

Vessel Type Large Medium Small Total
Subzone : 1501A
Passenger 0 6 0 6
Dry Cargo 3,175 6,143 57,313 66,631
Tanker 264 567 79 910
Dry Cargo Tow 0 0 16,273 16,273
Tanker Tow 0 0 5,337 5,337
Tug/Tow Boat 0 0 30,846 30,846
Subzone Total: 3,439 6,716 109,848 120,003
Subzone : 1502cC
Passenger 0 6 0 6
Dry Cargo 1,528 3,495 16,115 21,138
Tanker 140 293 40 473
Dry Cargo Tow 0 0 16,010 16,010
Tanker Tow 0 0 5,099 5,099
Tug/Tow Boat 0 0 31,058 31,058
Subzone Total: 1,668 3,794 68,322 73,784
Subzone : 1503F
Passenger 0 6 15,037 15,043
Dry Cargo 1,466 3,118 16,016 20,600
Tanker 140 289 40 469
Dry Cargo Tow 0 0 15,349 15,349
Tanker Tow 0 0 4,855 4,855
Tug/Tow Boat 0 0 29,117 29,117
Subzone Total: 1,606 3,413 80,414 85,433
Note: Sum of all vessel transits within each